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PART 1: THE DECLARATION

SITE NAME AND LOCATION

Frontier Hard Chrome Superfund Site
Vancouver, Clark County, Washington
U.S. Environmental Protection Agency Identification Number WADQ53614988

STATEMENT OF PURPOSE

This decision document presents the final remedial action selected by the U.S. Environmental
Protection Agency (EPA) for soils and groundwater at the Frontier Hard Chrome Superfund Site
Vancouver, Clark County, Washington. This document, and the selected remedial action within,
represents a fundamental change to the remedies selected in two previous Records of Decision,
or RODs (1987 ROD for soils and a 1988 ROD for groundwater), and stands as an Amended
Record of Decision to both previous RODs, addressing soils and groundwater.
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The remedy in this Amended ROD was chosen in accordance with the Comprehensive
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA), as amended by
the Superfund Amendments and Reauthorization Act of 1986 (SARA), and, to the extent
practicable, the National Oil and Hazardous Substances Pollution Contingency Plan (NCP). This
decision is based on the Administrative Record for this site.

The State of Washington Department of Ecology (Ecology) has participated in scoping the site
investigations and in evaluating alternatives for remedial action. Ecology concurs with the
selected remedy.

ASSESSMENT OF THE SITE

The response action selected in this Amended Record of Decision is necessary to protect the
public health or welfare or the environment from actual or threatened releases of hazardous
substances into the environment. Such a release or threat or release may present an imminent
and substantial endangerment to public health, welfare, or the environment.

DESCRIPTION OF THE SELECTED REMEDY

The soils at the Frontier Hard Chrome Superfund Site, and the groundwater beneath the site
extending beyond the southern boundary of the Frontier Hard Chrome property, are
contaminated with hexavalent chromium, which is highly mobile and toxic. The selected
remedy will address the contamination through in-situ reduction of hexavalent chromium to



trivalent chromium, which is generally immobile and non-toxic. Reduction will occur through
injection, or mixing, of reducing agents into contaminated soils and groundwater at the site.

The following are major components of the selected remedy:

Contain Highly-Contaminated Groundwater: Containment of the most heavily
contaminated groundwater at the site, or groundwater “hot spot” will involve the
delivery, through injection or augering/injection, of reducing compounds on the down-
gradient side of the soils source area, into the groundwater and soils. The compounds
delivered to the area will reduce the naturally occurring iron, thereby creating an in-situ
treatment barrier which reacts directly with the chromium in groundwater. As
chromium-contaminated groundwater moving down-gradient passes through the
permeable reactive zone, the hexavalent chromium in the groundwater is reduced to
trivalent chromium, which is insoluble, and non-mobile. This In-Situ Redox
Manipulation (ISRM) barrier will be in place prior to treatment of the soils source area
and the groundwater plume “hot spot” in order to 1) provide containment of the
groundwater “hot spot” as quickly as possible, 2) provide added protection during the in-
situ treatment of the soils source area and the groundwater “hot spot” to prevent
hexavalent chromium from moving down-gradient; and 3) provide long-term protection
against future leaching of hexavalent chromium, should it occur. Reducing compounds
will either be injected through a series of wells, or augered/injected into the groundwater.
Recharge of the ISRM barrier is not anticipated because the soils source area up-gradient
of the ISRM barrier will also be treated as described below. It is unlikely that residual
concentrations of hexavalent chromium in the soils source area, should they exist after
treatment, will pose a problem beyond the predicted life of the ISRM barrier.

In-Situ Treatment of Source Area Soils and Groundwater “Hot Spot”: In-situ treatment of
the soils source area and the groundwater “hot spot” will involve the delivery of reducing
compounds directly to site soils exceeding 19 mg/kg hexavalent chromium (soils source
area) and contaminated groundwater with concentrations of hexavalent chromium
exceeding 5,000 pg/L by augering/injecting or through injection wells.
Augering/injection is the most likely method of delivery given the cost savings and the
thorough mixing of reductant with soils the augering provides.'

After treatment of soils exceeding 19 mg/kg and groundwater exceeding 5,000 pg/L,
compaction of augered soils will be provided to allow for future use of the property to the
extent practicable.

Once the source area for soils (exceeding 19 mg/kg hexavalent chromium) and
groundwater (exceeding 5,000 pg/L hexavalent chromium) have been treated, remaining
groundwater exceeding the state groundwater cleanup standard of 50 pg/I. (MTCA

"Delivery of reducing compounds throughout the soils source area and the groundwater “hot
spot” will more than likely require direct access to contaminated soils. Direct access will
necessitate the demolition of both the Frontier Hard Chrome building and the adjacent
Richardson Metal Works building.



Method A, total chromium) is expected to disperse and dilute. Regular monitoring of
down-gradient groundwater to ensure dilution and dispersion of affected groundwater
outside of the source area would be conducted until all remaining groundwater meets
state standards for groundwater cleanup.

Institutional controls and monitoring will be implemented to protect human health and
the environment during the time required for dispersion and dilution to reduce chromium
concentrations in plume areas outside of the “hot spot”. In addition to the state and local
institutional controls already in place, other institutional controls to be considered include
placing notices and restrictions on property deeds that serve to prevent access to
contaminated groundwater or future activities that threaten to remobilize chromium in
site soils. Property owners would ensure that any future property transfers would
include appropriate deed restrictions. Monitoring of existing wells will also be needed
to track the concentrations in groundwater over time.

The implementation of the remedy will be phased with the installation of the ISRM treatment
barrier being conducted in the first phase to contain the groundwater “hot spot”. This remedy is
selected because it addresses all source area soils and groundwater providing: 1) excellent
overall protection of human health and the environment, 2) effectiveness long term, 3)
permanence, 4) compliance with ARARs, 5) reduction in toxicity, and mobility, and 6) state
acceptance, at a lower cost than other protective alternatives. The remedy will provide a
permanent solution to ongoing threats posed by the Frontier Hard Chrome site to the
groundwater and future threats posed to human health and the environment.

This remedy represents a fundamental change from the original remedies selected in the 1987
soils ROD, and the 1988 groundwater ROD. The1987 ROD called for removal, stabilization and
replacement of 7400 cubic yards of soil - or all soils with concentrations greater than 550 mg/kg
total chromium. The1988 ROD called for extraction of groundwater from the area of greatest
contamination (levels of chromium in excess of 50,000 pg/L) via extraction wells, and treatment
of extracted groundwater. Evaluation of these proposed remedies by EPA after the RODs were
issued revealed the soils remedy to be ineffective. Groundwater monitoring conducted after the
1988 ROD was issued indicated that the contaminated groundwater plume was decreasing in size
as down-gradient industrial supply wells were taken off line. Because new, cost-effective
technologies were becoming available that provided the potential for more effective groundwater
remediation, EPA reevaluated the need for pump-and-treat as the most appropriate solution for
groundwater cleanup. The selected remedies for both the 1987 and 1988 RODs are retained in
this Amended ROD for comparison purposes.

STATUTORY DETERMINATIONS

The selected remedy is protective of human health and the environment, complies with federal
and state requirements that are applicable or relevant and appropriate to the remedial action, is
cost-effective, and utilizes permanent solutions and alternative treatment technologies to the
maximum extent practicable. This remedy also uses permanent solutions and satisfies the
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statutory preference for treatment as a principal element (i.e., reduces the toxicity, mobility, or
volume of hazardous substances, pollutants, or contaminants as a principal element through
treatment).

Because this remedy may result in hazardous substances, pollutants, or contaminants remaining
at the site, a review will be conducted within five years after initiation of the remedial action to
ensure that the remedy is, or will be, protective of human health and the environment.

DATA CERTIFICATION CHECKLIST

The following information is included in the Decision Summary section of this Amended ROD.
Additional information can be found in the Administrative Record file for this site.

Chemicals of concern and a summary of the concentrations found on site (Section 6,
Nature and Extent of Contamination)

Baseline risk represented by the chemicals of concern (Section 7, Summary of Site
Risks)

The Cleanup levels established for chemicals of concern and basis for the levels (Section
8, Remediation Objectives)

The estimated capital and operation and maintenance costs, and the number of years over
which the remedy cost estimates are projected (Section 10.2, Comparative Analysis of
Alternatives, and Section 10.3, Summary of Comparative Analysis)

Key factors that led to selecting the remedy. (Section 10.2, Comparative Analysis of
Alternatives)

A detailed description of the Selected Remedy (Section 11, Selected Remedy)

AUTHORIZING SIGNATURE

( e
Michael Gearheard 7
Director, Environmental Cleanup Office

Date: 5 239@/
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Michadl Gearheard
Director, Environmenta Cleanup Office

Date:

PART 2: DECISION SUMMARY

This Decison Summary provides a description of the site-specific factors and analyses that led to
selection of the revised remedy for the Frontier Hard Chrome (FHC) Superfund Site. It includes
information about the site background, the nature and extent of contamination, the assessment of human
hedlth and the environmentd risks, and the identification and evaluation of remedid aternatives.

The Decison Summary aso describes the involvement of the public throughout the process, dong with
the environmenta programs and regulations that may relate to or affect the aternatives. The Decison
Summary concludes with a description of the remedy sdected in this Amended Record of Decison
(ROD) and adiscussion of how the selected remedy meets the requirements of the Comprehensive
Environmental Response, Compensation and Liability Act of 1980 (CERCLA), as amended by the
Superfund Amendments and Reauthorization Act of 1986 (SARA), and to the extent practicable, the
Nationad Contingency Plan (NCP).

The Decison Summary is presented in the following sections:

Section 1 Site Name, Location, and Description
Section 2 Site History and Enforcement Actions
Section 3 Community Involvement

Section 4 Scope and Role of Operable Units
Section 5 Site Characteristics

Section 6 Nature and Extent of Contamination
Section 7 Summary of Site Risks

Section 8 Remediation Objectives

Section 9 Description of Alternatives

Section 10 Comparative Andysis of Alternatives
Section 11 Selected Remedy

Section 12 Stautory Determinations

The documents supporting this Decison Summary are included in the Adminigrative Record for the



Frontier Hard Chrome Superfund Site.

1.0 SITENAME, LOCATION, AND DESCRIPTION

The Frontier Hard Chrome (FHC) Superfund Site (the “gte”) islocated in the southwestern part of the
State of Washington, in the City of Vancouver, Washington. FHC isin an indudtrid area of the city
directly across the Columbia River from the city of Portland, Oregon (see Figure 1). Theareais
generdly flat, extending south, east, and west. About one quarter mile to the north, aridge rises steeply
to where alarge resdentia area begins.

The ste is gpproximately one-hdf mile north of the Columbia River and covers about one-hdf acre.
The areais within aflood plain that has been extensvely filled. Thereisatopographica depresson
about one and one-haf acresin sze adjacent to the east end of the Site. The depression is generdly
five to twenty feet below the level of the Ste and represents a remnant of the old floodplain that has not
been filled. The groundwater table iswithin twenty feet of the ground surface a the FHC steand is
affected by the stage height of the river. The groundwater is used as the drinking water supply for the
city of Vancouver, which hastwo wel fields within one mile of the Site.

20 SITEHISTORY AND ENFORCEMENT ACTIVITIES
21  SteHistory

In gpproximatdly 1955, the site was filled with hydraulic dredge materid and congtruction rubble. Since
then the site has been primarily occupied by two businesses, both engaged in the chrome plating
busness. Pioneer Plating operated at the Site from 1958 to 1970. The Site was then occupied by FHC
until 1983. The property has been leased to various other businesses since 1983. Presently, the facility
isbeing used as ameta shop.

During the operation of Pioneer and the initid operation of FHC, chromium plating wastes were
discharged to the sanitary sawer system. 1n 1975, the City of Vancouver determined that chromium in
the wastewater from FHC was upsetting the operation of its new secondary treatment sysem. FHC
was directed by the city and the Washington State Department of Ecology (Ecology) to cease
discharge to the sewer system until an appropriate wastewater treatment system could beingtdled to
remove the chromium at the Site.

In 1976, Ecology gave the FHC facility awastewater digposa permit for discharge of chromium-
contaminate wastewater to an on-gte dry well. The permit dso contained a schedule for the ingtdlation



of an appropriate trestment system for the FHC wastewater stream. Between 1976 and 1981, several
extensons of the permit and schedule were granted, as the deadlines were passed without compliance.

In 1982, Ecology found FHC in violation of the Washington State Dangerous Waste Act for theillegd
disposa of hazardous wastes. Ecology aso discovered that an industrid supply well about one quarter
mile southwest of FHC was contaminated with chromium a more than twice the federd drinking weter
dandard. FHC swastewater permit was again modified with anew compliance date. FHC again did
not comply with the permit requirements for economic reasons, and in December, 1982, the Ste was
proposed for inclusion on the Nationd Priorities List under CERCLA or Superfund. The listing was
findized in September, 1983.

In 1983, Ecology ordered FHC to stop discharge of chromium plating wastes to the dry well. FHC
was aso required to prepare a plan for the investigation of the groundwater. At that time, FHC closed
down dl operations at the Ste. The company did not undertake the investigation.

In March 1983, EPA and Ecology signed a Cooperative Agreement which gave Ecology the lead for
investigation of the FHC ste under Superfund. Ecology began the investigation in the fal of 1984. The
Remedid Investigation (RI) led to a Feasibility Study (FS) to determine the cost-€effective remedia
action of the FHC dte. The FSwas completed in October, 1987.

EPA issued separate RODs for the soils/source control operable unit (December 1987) and the
groundwater operable unit (July 1988). The December, 1987 ROD caled for removal, stabilization
and replacement of 7400 cubic yards of soil - or dl soils with concentrations greater than 550 mg/kg
total chromium (this number was based on a Site pecific leachate test for protection of groundwaeter).
The July 1988 ROD cdled for extraction of groundwater from the area of greatest contamination
(levels of chromium in excess of 50,000 pg/L) via extraction wels, and treatment of extracted
groundwater. Evauation of the soils remedy by EPA after the ROD was issued reveded that the
chosen gabilization method was ineffective a preventing the leaching of hexavadent chromium from ste
soils. Groundwater monitoring conducted after the ROD was issued indicated that the contaminated
groundwaeter plume was decreasing in Size as down-gradient industria supply wells located at FMC
(Figure 1) were taken off line. Because new, cost-effective technologies were becoming available that
provided the potentid for more effective groundwater remediation, EPA reevauated the need for
pump-and-treat as the most gppropriate solution for groundwater cleanup.

Basad on surface soil sample andyses for tota chromium conducted during the RI, Ecology completed
aremova action in 1994 to reduce the threat of direct exposure and further impacts to groundwater
from the most heavily contaminated surface soils. This action condsted of excavation of surface soil
with chromium concentrations exceeding 210 mg/kg from the eastern most portion of the site (Figure
10). Theareaof excavation was subsequently backfilled with clean materid and has been devel oped.



Development consisted of congtruction of a commercia office building and adjacent parking.

In December, 2000, in conjunction with a drainage project on the adjacent Grand Avenue, the City of
Vancouver extended atight-lined drain pipe with road drains and catch basins up 1st Street (directly to
the south of the FHC gite) to the intersection with “Y” Street (directly to the west of the FHC site).
The extenson was engineered to handle dl water flowing south on “Y” Street (which had previoudy
entered the FHC ste from 1t Street). The extension was provided in conjunction with an EPA
Removd Action to provide drainage of surface water away from the FHC site, preventing further
infiltration of surface water through contaminated soils on Site.

Since the origind RODs were issued, EPA has continued to monitor groundwater and soils, and
evauate new, innovative cleanup technologies to address the persstently high concentrations in soils
and groundwater at the FHC dte. In May, 2000, EPA findized a Focused Feasibility Study
(FS)which identified and evauated severd new and innovative technologies for addressing the
problems at the Ste. One of the promising new in-Stu treatment technologies identified in the Focused
FS, In-Situ Redox Manipulation, or ISRM, was further evaluated in a bench scae test in February,
2001. Thereaults of the bench scale test indicated that the technology would be appropriate for use at
the FHC site.

In June 2001, EPA issued a Proposed Plan for cleanup of both soils and groundwater &t the ste. The
Proposed Plan identified in-gitu trestment using reducing compounds as EPA’s Preferred Alternative.
The public comment period for the Proposed Plan ended on July 25, 2001. EPA received one
comment letter with two comments. These comments, and EPA’ s responses, are contained in a
Responsiveness Summary which isincluded in Part 111 of this Amended ROD.

2.2 EPA Enforcement Activities

Frontier Hard Chrome, Inc. (FHC) ceased operationsin 1983 and is no longer aviable entity. At its
close, FHC had littlein the way of assets. The owners of the property, who were also owners of FHC,
Inc., did not recelve any dividends or fina digtributions from FHC, Inc. Assuch, the regulatory and
enforcement actions have centered on the owners of the gte. Under Superfund, they are responsible
parties and are liable for the Site cleanup. Past negotiations between the responsible parties, EPA, and
Ecology have not been productive. Since 1976, FHC has not complied fully with any agency orders.
The ste owners have not indicated any willingness or financid capability to undertake needed remedia
actions a the ste. Settlement negotiations with the owners are currently ongoing.

30 COMMUNITY INVOLVEMENT



Public interest a the Ste has generdly been limited. There have been two public meetings for the
purposes of informing the local population about the activities at the Site and providing opportunitiesto
comment. Theinitial meeting was held in October 1984 a the commencement of the RI/FS. The
second meeting was held in November 1987, during the public comment period for the origind soils
Proposed Plan, to take forma public comment. Further information on the comments received during
this public meeting can be found in the Responsveness Summary for the origind soils ROD.

Attendance at the meetings has been sparse. The mesetings were attended by the responsible parties
and by people directly associated with the operation of FHC. Adjacent property ownerswere dso in
attendance a the mestings. A transcript of the November 1987 public meeting was made, and a
Respongveness Summary was prepared. People who commented at the November 1987 meeting
indicated that there was no need to take any action at dl a the FHC ste, with the exception of
congructing an impermeable cap over the dry well area.

A second public notice and comment period took placein May and June 1988, to present information
and receive comment on the Proposed Plan for groundwater cleanup. An opportunity for public
hearing was given, however, no one from the public requested one. Three written comments were
received on the Proposed Plan for groundwater cleanup. One comment indicated that the only
remedid action needed is to congtruct a building over the highly contaminated area and to blacktop
over the remainder of the Site. Further information on these comments can be found in the
Respongveness Summary for the origind groundweater ROD.

An additiond public notice and comment period took place in June and July 2001, to present
information and receive forma comment on the Proposed Plan for this Amended ROD, addressing
both soils and groundwater. Again, an opportunity for a public hearing was given, however, no one
from the public requested one. One comment letter was received with two comments. The commentor
requested additiona information concerning 1) the type and toxicity of potentia by-products generated
through the injection of sodium dithionite into contaminated Site groundwater; and 2) the potentid
methods used for ddivering reductants to the unsaturated vadose zone of contaminated soils. The
commentor was generaly supportive of EPA’s Preferred Alternative for cleanup of soils and
groundwater at the FHC dte. For further information concerning these comments, and EPA’s
responses, refer to the Responsiveness Summary in Part 111 of this Amended ROD.

Periodic informationa fact sheets have been issued to the public providing updates on Site activities.
Mediainterest in the Ste has generdly been limited.

4.0 SCOPE AND ROLE OF OPERABLE UNITS



Higtorically, EPA has organized the work at the FHC gSite into two operable units (OUS):

. The s0ils OU; and
. The groundwater OU

This Amended Record of Decison selectsfina cleanup actions for both OUs at the Site and servesto
amend both previous RODs ( the 1987 ROD for soils and the 1988 ROD for groundwater).

The s0ils OU includes surface and subsurface soils on the FHC Site contaminated with hexavaent
chromium which pose a threet to human hedlth and the environment either through direct contact or
impectsto groundweter. All active soil remediation dternatives evauated in the Amended ROD focus
on the soils source area, or that area defined by concentrations of hexavaent chromium in excess of 19
mg/kg as detailed in Figure 7. The soils source area covers approximately 28,000 square feet and
extends to approximately 25 feet in depth for atotal volume of 26,000 cubic yards. The soils source
areaislocated on the FHC property, primarily below the former FHC facility, and the adjacent
Richardson Metal Works property.

The groundwater OU includes groundwater contaminated with hexavaent chromium benegth the FHC
property extending south beyond the property boundaries approximately 1000 feet. The OU’s vertica
extent includes the Alluvid aquifer from ground surface to gpproximately 35 feet in depth (the extent of
the“A” zone). All of the active groundwater aternatives described in this Amended ROD address the
specific portion of the plume with the highest concentrations, known as the plume * hot spot”, while
leaving larger areas of the plume with lower concentrations to dilute and disperse naturdly in
conjunction with continued monitoring and inditutional controls.  Based on groundwater monitoring
data collected to date, EPA believes that the plume exceeding state groundwater cleanup criteriawhich
exigs outside of the plume *hot spot” will dilute and disperse naturdly if source area soils and
groundwater (“hot spot”) are effectively treated. The plume “hot spot” is defined as that area of the
plume with concentrations of chromium exceeding 5,000 pug/L (Figure 8). This arearoughly coincides
with the contaminated soils source area, defined by soils concentrations in excess of 19 mg/kg (Figure
7). Beyond the “hot spot” remaining areas of the plume are characterized by lower concentrations
ranging from 50 pg/L to 1,400 pg/L present over an area of gpproximately 500,000 square feet. Due
to the high cost of potentidly remediating this areas for limited contaminant remova, EPA will not be
consdering dternatives which address the entire plume.

50 SITECHARACTERISTICS

51  Site Geology



511 Genera

The FHC gteislocated in the northern part of the Portland Basin, a sediment-filled structura basin
located in northwestern Oregon and southwestern Washington. Older Eocene to Miocene volcanic
and sedimentary rocks underlie the basin. The basin isfilled with consolidated and unconsolidated non-
marine sedimentary rocks containing important water-bearing units.

The FHC gteis underlain by five geologic units. The youngest unit - thefill unit - conssts of hydraulic
fill and congtruction debris placed prior to development of the ste. Thefill unit was placed on fine-
grained Holocene aluvium underlain by glacid flood deposits of the Pleistocene age. The Pleistocene
flood deposits blanketed an ancient floodplain and severd abandoned channels of the Columbia River,
which were incised into the underlying Troutdale Formation. The sedimentary rocks of the Troutdae
Formation in turn overlie a series of basdt flows that are part of the Columbia River basdt group.
Approximately 1,600 feet of sediments overlie the Columbia River basdts in the vicinity of the FHC
gte.

5.1.2 Fill Unit

Before its development, the Site was part of a gently undulating, swampy, dluvid floodplain terrace
aong the Columbia River. This surface has been modified by grading and the placement of up to 20
feet of fill for locd indudtrid developments. Fill materids consst of both hydraulic fill (st and sand) and
condruction fill. During the 1940s, hydraulic fill was used to level a swampy area between Pearson Air
Park and Grove Street. The hydraulic fill materids congst of generdly fine-grained sand, with silty sand
near the surface and sand a depth. Congtruction fill was adso placed at portions of the Ste beginning in
the 1960s. The congtruction fill consists of concrete debris, asphaltic debris, red bricks, metal (iron
chips), Sit, sand, gravel, and minor quantities of clay. The congtruction debrisfill is characterigticaly
heterogeneous and poorly compacted. Approximately 12 to 20 feet of fill is present in the area of the
FHC ste. Figure 2 presents a conceptua model of the Site hydrogeology.

5.1.3 Alluvial Unit

Underlying the fill unit isthe dluvid unit, which consgts of athin, clayey st subunit and a sand-and-
ground subunit. The clayey st unit disolays a heterogeneous character ranging from it to clayey dlt to
dlty clay, with avariety of color ranging from reddish brown to dark bluish gray, and textures varying
both laterdly and verticdly. Locdly, the unit is rich with organic root fragments and displays shades of
green to black. The unit typicaly appears massve in character; however, it islocaly mottled and
interbedded with a thin lamination of fine sand and glt. The unit istypicaly 3to 7 feet thick, but thinsto
the north and is absent aong the northern margin of the floodplain.



Underlying the dayey glt unit of the dluvid unit is the sand-and-ground unit. This subunit generaly
conssts of poorly sorted sandy gravels, silty sandy gravels, and sandy slts. These sands and gravels
are predominantly basdtic in composition with lesser amounts of quartz, metamorphics, and slicic
volcanics. The fine-grained fraction conssts primarily of brown to gray silt with minor amounts of clay.
The sand and gravels are typicaly subrounded to rounded. Particle grain Size ranges up to 8 inchesin
diameter; however, scattered larger cobbles are present.

In generd, three lithofacies are present within thisaluvia subunit: (1) poorly sorted deposits of silty
sandy grave to sty gravelly sand, (2) moderate to well-sorted deposits of coarse sandy grave to
gravelly sand, and (3) very dense deposits of sandy St to silty sand. These three types of deposits
display variation in particle size distribution and degree of sorting and, in generd, are interbedded and
discontinuous.

The deposits of sty sandy grave to sty gravelly sand are interpreted to result from overbank
deposition during mgor Columbia River flooding, when the river is carrying alarge sediment load and
little to no particle sorting occurs. These deposits are characterized by a high st content, are generdly
dense, and appear well compacted.

The deposits of coarse sandy gravel to gravelly sand are interpreted to result from channel deposition
that resulted in a higher degree of particle sorting than the associated overbank deposits. These
depodits are characterized by alower Slt content and increased permegbility.

In the generd Ste areg, a1 to 5 foot-thick, semicontinous layer of very dense sandy st to ity sand
with lesser amounts of clay and gravel is present at gpproximately -3to-7.5 (MSL). Thislayeris
separate from, and lies beow the clayey st subunit which separates the fill unit from the Alluvid unit.
This fine-grained unit was characterized by a high resstance to drilling and sampler penetration, with
little to no groundwater inflow into boreholes during drilling. This fine-grained unit isimportant because
the Rl referred to this deposit as the “lower aguitard” separating the upper portion of the dluvid unit
intothe“A” and “B” zones. Although thislayer may be aloca semiconfining unit, the evidence suggests
that this unit is not asignificant hydraulic barrier within the dluvid aguifer.

5.2  Hydrogeology

Shdlow groundwater in the FHC area occurs within a heterogeneous dluvid unit thet is hydraulicaly
connected to the ColumbiaRiver. In generd, the dluvid unit exhibits both semiconfined and confined
aquifer characterigics. This semiconfined condition is due, in part, to alow-permeshility clayey st
subunit thet directly overliesthe aluvid aguifer and to permesbility contragts within the dluvid aguifer.

The ste hydrogeology conssts of (1)15 to 20 feet of fill and sty sand thet islargely unsaturated (fill



unit) , (2) a3 to 7 foot-thick, upper, discontinuous layer of clayey slt, and (3) a heterogeneous
anisotropic dluvid aquifer system that may be asthick as 70 feet beneath the site (Alluvid unit).
Locdized zones of perched groundwater are present within the fill materials above the top of the clayey
dlt. Figure 2 illugrates the generd hydrogtratigraphy inferred to be localy present in the FHC Ste area.

The uppermost hydrogeologic unit consists of perched groundwater in thefill unit. Thefill unitis
generaly unsaturated, but localy perched water is present. The dry well used by FHC to discharge
chromium-containing wastewater was open at the base of thefill unit. Groundweter in the perched
aquifer is generdly recharged from precipitation by direct infiltration and by sormwater dry wells and
roof drains. Separaing thefill unit from the dluvid unit isthe 3 to 7 foot-thick, discontinuous, fine-
grained unit.

Underlying the clayey st unit isthe dluvid aguifer. The dluvid aguifer is asand-and-grave layer
beginning 15 to 20 feet below ground surface (bgs). The upper portion of the dluvid unit was
subdivided in the RI into two water-bearing zones based on the presence of a discontinuous sty sand
or sandy st zone at a depth of 25 to 35 feet bgs. The upper zone has been referred to asthe “A” zone
or “A” aquifer, and the lower zone has been designated asthe “B” zone or “B” aquifer. The st zone,
when present, varies from 1 to 3 feet in thickness and appears to be discontinuous. The silt zone was
recognized by an increasein drilling resstance and little or no groundweter entering the drill casing as
the boring encountered this unit. Although thislayer may be aloca semiconfining unit, the evidence
suggest this unit is not asgnificant hydraulic barrier within the aluvid aguifer.

The groundwater potentiometric surface generdly dopes very shdlowly to the south in the vicinity of the
FHC gt. Rechargeto the dluvia aquifer syssem occurs north of the site dong the northern margin of
the floodplain from another hydraulicaly connected dluvia aguifer. In addition, recharge dso occurs
from direct infiltration of precipitation. Groundwater discharges to the Columbia River. Seasond
fluctuations in the river stage exert a strong influence on water levels and the hydraulic gradients within
the dluvid aquifer sysem.

Representative water levelsinthe“A” and “B” zone wdlls are presented in Figures 3 and 4
respectively. Groundwater flow is approximately 0.5 to 5 feet per day toward theriver. The hydraulic
gradient averages 0.00015 ft/ft. Thedluvid aquifer is hydraulicaly connected to the Columbia River,
and the groundwater levelsin the dluvid aquifer gppear to be controlled primarily by the stage of the
Columbia River. During high river stages, groundwater flow away from the river has been recorded.
Thereis no didtinct verticd gradient between the“A” and “B” wells.

The hydraulic conductivity of the dluvid aquifer rangesfrom 1 X 103 to 1 X 10! cm/sec and averages
5 X 10 cm/sec, as measured by dug tests, grain size andlysis, and pumping tests.



6.0 NATURE AND EXTENT OF CONTAMINATION
6.1 General

Hexavdent Chromium is the contaminant of primary concern a the FHC ste. While volatile organic
compounds (VOCs), including tetrachl oroethene (PCE) and trichloroethene (TCE) have been detected
in groundwater at the Ste, concentrations have been extremely low and are not directly linked to past
activitiesat FHC. Nickd and lead were aso found in soils a the facility during the RI. The
contaminant levels of these substances were much less than those for chromium.  Though the levels of
exposure were not zero, the additiona risk imposed was negligible.

Releases from FHC operations contaminated groundwater with reported chromium concentrations as
high as 300,000 pug/L. At the time the contamination was first detected in 1982, a groundwater plume
exceeding federa drinking water sandards (50 pg/L) extended approximately 1600 ft southwest from
the facility (Figure 5). Groundweater monitoring since initia discovery has shown that the plume has
receded. Monitoring in 2000 indicated that the plume exceeding state groundwater cleanup standards
extends gpproximately 1000 feet south of the Ste (Figure 6). The change in overdl plume size, and the
shift in groundwater flow from the Ste in a southwesterly direction to a more southerly direction is
largely due to the discontinued pumping of three large industrid supply wellslocated at the FMC
(Fgure 1) facility. With the influence of these wells diminated, the plume is conforming to natura
groundwater flow. While monitoring indicates that the plume is receding, it dso shows that
concentrations beneeth the FHC site, or the plume “hot spot”area, defined in this plan by chromium
concentrations exceeding 5,000 pg/L, have remained consstently high over time.

Concentrations of total chromium? in surface soils collected for the Rl were found as high as 5,200
mg/kg while recent surface soil samples (Weston 1999) revealed concentrations of hexavaent

2Tota chrome results show concentrations of dl forms of chromium including trivaent and
hexavdent. Tota chromium results for groundwater sampling typicaly reflect the concentrations of the
more toxic and highly mobile form - hexavdent chromium. 1997 groundwater sampling results
comparing hexavdent chromium concentrations to total chromium concentrations show that the
hexavadent chromium concentrations average 97 percent of the total chromium concentrations. These
results indicate that there islittle sgnificant difference between the hexavdent and tota chromium vaues
and that essentidly dl of the chromium present in groundwater isin the hexavaent form. Thisis not
unexpected because the other form of chromium, trivalent, is only very dightly solublein typica
groundwater pH conditions. The pH in groundwater samples collected during the August 1999
investigation ranged from 5.7 to 7.3 and averaged 6.6, which isin the typica range of groundwater pH.



chromium? near the FHC building as high as 42 mg/kg.  Subsurface concentrations for total and
hexavalent chromium have been noted as high as 31,800 mg/kg and 7,506 mg/kg respectively.
Contaminated subsurface soils extend benesth the neighboring Richardson Metd Works building. All
active soil remediation dternatives discussed below focus on the soils source area, or that area defined
by the Remedid Action Objectives (below) as having concentrations of hexavaent chromium in excess
of 19 mg/kg (Figure 7). The soils source area covers approximately 28,000 square feet and extends to
approximately 25 feet in depth for atota volume of 26,000 cubic yards.

6.2 Groundwater

6.2.1 Wsélsonthe FHC Property and Adjacent Richardson Metals and Cassidy
Manufacturing Properties.

Groundwater samples have been collected from 40 monitoring wells ingtaled within the FHC study
areawhich includes the FHC property and the adjacent Richardson Metas and Cassidy Manufacturing
properties.. These samples have been anadyzed for metds, VOCs, pesticides, polychlorinated
biphenyls (PCBs), and conventiond water quaity parameters. The results of the groundwater sampling
for metals and VOCs are presented in Appendix A of the Final Focused Feasability Study (URSG,
2000), located in the AR for this Amended ROD. In addition, groundwater samples have been
collected from 30 push probe locations at the site (*A” zone and perched zone) using direct-push
sampling methods (URSG 1999).

Four groundwater sampling events were conducted during the 1985-86 RI; eight groundwater sampling
events were conducted during the 1990s, and one in 2000. Theinitia results of the Rl showed that
groundwater benegth the site contains Sgnificant concentrations of tota and hexavdent chromium
concentrations and that the chromium had spread beyond the boundaries of the FHC property to the
southwest. One round of groundwater sampling was conducted in July 1992 as part of Remedid
Design sudies. Groundwater samples were collected by 1CF Technology on October 1992; January,
April, and October 1993; and May 1994. Weston collected water samplesin the spring of 1997 and
1999. The spatiad digtribution of hexavadent total chromium in perched and “A” zone groundwater from
the 1999 direct-push sampling is shown in Figures 8 and 9 respectively. URS Greiner collected
groundwater monitoring samples in the winter of 2000.

The reduction of chromium concentrations in Some areas of the Site suggests that dispersion and dilution
of chromium is occurring in plume areas down-gradient of the source, while plume concentrations in the

3Hexavadent chromium resultsindicate only the concentrations for hexavaent chromium.
Hexavdent chromium is highly mobile and toxic, typicadly migrating from soils to groundweter as surface
water flows down through the soil.



source area have remained condgtently high.  For indance, tota chromiumin“A” zone groundwater
from a push-probe sampling location benesth the former FHC building in the source areawas
approximately 119 mg/L in August 1999.

6.2.2 Additional Wdls

Water samples were collected from several locations beyond the boundaries of the FHC, Richardson
Metds, and Cassidy Manufacturing properties, including monitoring wells, irrigation wells, public water
supply wells, and locd drinking water sources. Water samples were collected from the monitoring
wellslocated at the Cascade Tempering property; theirrigation well a the Washington Schoal for the
Deef track; drinking water sourcesin the vicinity of FHC, and the Fort VVancouver Nationd Historic
Site.

Tota and hexavaent chromium concentrations were not detected in the potable water samples except
for dissolved chromium in one sample (drinking water fountain a the Richardson Metd Works
building). Chromium was not detected when this source was resampled.

Based on comparison of total chromium concentrations from groundwater sampling in 1987 and 1999,
adgnificant reduction in chromium concentrations beyond the southern boundary of the FHC steis
evident. The extent of chromium appears to have been significantly reduced in this area, most likely due
to dilution and disperson. The hexavadent chromium plume was likely drawn beyond the southern
boundary of the FHC property to the southwest by industria supply wells that operated prior to 1983
a FMC. Inthe period since these wells ceased pumping, the naturd gradient and direction of the
groundwater flow has been reestablished, resulting in dilution and dispersion of the plume down-
gradient of the source area

6.2.3 1999 Push Probe Sampling

In addition to groundwater samples collected from 1985 through 2000 from monitoring wells ingtaled
for dte investigation, groundwater samples were collected and tested for chemicas of interest during a
push-probe investigation of the Site in August 1999 (URSG 1999). Samplesfrom the “A” zone aquifer
and perched zone were tested in atreatability evauation of In-Situ Redox Manipulation, or ISRM
(PNL 1999). Groundwater samples were collected from the“A” zone aguifer at 30 push-probe
samplelocations. Based on low concentrations of chromium in “B” zone aquifer groundwater samples,
thisinvestigation did not include testing or investigation below the “A” zone a the Ste. Perched
groundwater samples were collected from 17 of the 30 push-probe locations.

Dissolved chromium was detected in 18 of 30 “A” zone samples and 15 of the 17 perched zoned
samples. Detected chromium concentrations in the “A” zone groundwater samples ranged from 6.8 to



119,00 pg/L. The highest concentrations were detected at sampling locations GP-06, GP-12, and GP-
26, dl located indde and immediately southeast of the former FHC building. The detections of
chromiumin“A” zone groundwater are shown in Figure 8.

Detected chromium concentrations in perched zoned groundwater samples ranged from 5.7 to 48,700
Mg/L. The highest concentrations were detected at sampling locations GP-06 and GP-12, located
immediately southeest of the former FHC building. The distribution of chromium in perched
groundwater is shown in Figure 9.

6.3 Surface Water

Three surface water samples were collected during the RI from surface water puddles on the FHC
property. Total chromium was detected in dl surface samples at concentrations ranging from 0.01 to
0.9 mg/L. While chromium was detected, human hedlth risk from exposure to the surface water was
consdered minimd. Any remedia action implemented would likely reduce the contamination of the
surface water on the Ste, further reducing any risk from this exposure. Risk due to contamination of the
Columbia River was modeled and found to be negligible due to the low concentrations of chromium
detected in groundwater near the river, and predicted dilution of groundwater asit migrates to and
enterstheriver.

6.4 Surface Soil

Surface soil samples were collected from 89 locations as part of the RI (Figure 10). Total chromium
was found in concentrations from less than 2 mg/kg to 5,200 mg/kg. Three samples were andyzed for
hexavaent chromium, and the results ranged from less than 0.5 mg/kg to 10 mg/kg. The highest surface
soil concentrations were near the dry well. However, an areadirectly north of the FHC building and
another area at the east edge of the Ste al'so had devated levels of total chromium (Figure 10).

Seven surface soil samples were andyzed using the EPA Toxicity procedure for waste disposal
characterization. The seven samples had arange of 25 to 5,200 mg/kg of total chromium, but only the
sample with 5,200 mg/kg chromium yielded an EP toxicity extract concentration above the detection
limit, with a concentration of 0.2 mg/L.

Based on surface soil sample andlyses for total chromium, Ecology completed aremova action in 1994
to reduce the threat of direct exposure and further impacts to groundwater from the most heavily
contaminated surface soils. This action conssted of excavation of surface soil with chromium
concentrations exceeding 210 mg/kg from the eastern most portion of the site (Figure 10). The area of
excavation was subsequently backfilled with clean materid and has been developed. Development
conssted of congtruction of acommercid office building and adjacent parking. The areaof surface



contamination that was not addressed during this remova action is primarily adjacent to the former
FHC building and the Richardson Metas building. Based on the RI investigation, some hotspots
existed to the north of the former FHC building. However, in the intervening period since the Rl was
completed, naturd and anthropogenic activities have resulted in a redistribution of chromium-impacted
surface soil.

6.5 Subsurface Sail

Subsurface soil samples were collected from the Site as part of RI (Dames and Moore 1987) and RD
studies (Radian 1991; ICF Technology 1993). Tota chromium concentrations in subsurface soils
ranged up to 31,800 mg/kg. The depth of the most contaminated soils ranged to 20 feet below grade.
Generdly, the maximum chromium concentrations in soil borings were a thefill/clay interface thet is
present at depths of 15 to 20 feet across the site.

Hexavaent chromium concentrations in subsurface soil obtained during investigation activitiesin 1999
(Weston) are shown in Figures 11 and 12. Hexavaent chromium concentrations ranged from less than
detection limit to 7,506 mg/kg. The maximum hexavdent chromium concentration in the 1999
investigation was from a push-probe sample collected beneath the FHC building, in the source area
(soils exceeding 19 mg/kg hexavdent chromium - see Figure 7).

6.6 Current and Potential Future Site and Resour ce Uses
6.6.1 Land Uses

Land usein the FHC areaiis primarily indudtrid, with some manufacturing and commercid uses. Land
ownership in the arealis predominantly private, with the exception of Pearson Air Park, which is
publicly owned. The site and surrounding properties are zoned “ML” by the City of Vancouver,
dlowing light industrid use. While resdentid development south of the Ste dong the Columbiariver is
occurring, projected land use at the Ste and in the immediate vicinity is expected to remain light
indugrid.

6.6.2 Ground Water Uses

At present there are no active wells in the contaminated aquifer, and a number of state and local
inditutiond controls are in place which prevent utilization of the contaminated groundweter plume.  The
City of Vancouver has severa municipa codes that regulate water hookups within the city limits.
Pursuant to Vancouver Municipa Code (VMC) 14.04, the public works director has established a
Utility Review Process which requires that new developments demondtrate how they will connect to the
public water supply system. Building permits are not issued without an gpproved utility review. Policy



P86 of the City of Vancouver’s Growth Management Plan states that “new private wells are not
permitted within the Vancouver urban area.” Policy P87 states that “exigting and private wells should
be properly abandoned in accordance with state regulations and converted to public water service
when it becomes available” State regulation WAC 173-160-055 requiresthat al well drillers notify
Ecology 72 hoursin advance of the intent to construct, reconstruct, or abandon awell. Additionaly,
the Hedlth Didtrict has regulations regarding new devel opments, requirements for drinking water
sampling and permits required for new congtruction within city limits. The groundwater in the greater
areagenerdly isused for drinking water but existing drinking water wells are not currently affected by
chromium-contaminated plume, nor isit expected that they will be in the future.

Water supplies currently used in the area include two City of Vancouver municipd supply wells
approximately on mile from the site and an irrigation well located about 1000 feet to the east. These
wells were sampled found not to be affected by the Ste. Groundwater moddling donein the FS
indicates very little chance of the contamination spreading to these exiging wells, asthey are not in line
with the direction of the contaminated plume. However, any future well development within or near the
exigting plume of contaminated groundwater, in spite of city and local indtitutiona controls, would pose
ggnificant risksto future users.

6.7  Principal Threat Waste

The NCP establishes an expectation that EPA will use treatment to address the principa threats posed
by a site wherever practicable (NCP Section 300.430(a)(1)(iii)(A)). Principal threat wastes include
wastes with high concentrations of toxic compounds or wastes that are highly mobile which generaly
cannot be contained in areliable manner or that would present a significant risk to human hedlth and the
environment should exposure occur.

Hexavdent chromium is the principa threat waste at the FHC dte in soils and groundwater.

Hexavdent chromium remains in Site soils and groundwater at very high concentrations and is highly
mobile and toxic. There are currently no controls in place to prevent hexavdent chromium in soils from
impacting groundwater, or to prevent contaminated groundwater from migrating further down-gradient.

The Sdected Remedy described below in Section 10 utilizesin-Stu trestment to reduce hexavaent
chromium in soils and groundwater to trivalent chromium, which is essentialy immobile and nontoxic.
The technology will provide a permanent solution to the hexavaent chromium contamination in soils and
groundwater at the FHC site.



7.0 SUMMARY OF SITE RISKS
71 General

Chromium is the hazardous substance of primary concern a the FHC ste.  Chromium is present in two
forms, designated trivdent chromium and hexavdent chromium. Of the two, hexavdent chromium is
the more hazardous. EPA classifies hexavaent chromium as a Group A carcinogen (evidence of human
carcinogenicity) when inhded. Theleved of dlowable chromium in the air is 25 micrograms per cubic
meter based upon an occupational exposure of eight hours per day. For protection of public health, the
federd drinking water sandard (Maximum Contaminant Level, or MCL) for totd chromium is set at
100 pg/L.

The risk from exposure to chromium from direct contact and inhaation of dust was investigated in 1987
and long term exposure was modeled based on surface soil contaminant concentrations. Exposure was
measured using persona ar monitoring samples obtained from on Ste workers. Long term exposure
was modeled based on surface soil contaminant concentrations. It was determined that the levels of
exposure were well below the amount allowed in stlandards for occupational settings. According to the
Assessment, chromium does not exceed the 107 cancer risk for long term airborne exposures.  These
exposure estimates do not account for potentialy higher short term exposures to dust due to vehicular
traffic and wind. Thisincreased risk was not quantified.

The greatest risk presented by the FHC site is through contamination of the groundwater and the
drinking water supply with hexavalent chromium. The aquifer is contaminated in excess of federd
drinking water sandards (MCL ). At present there are no active wellsin the contaminated groundwater
plume and a number of state and locd indtitutiona controls are in place which prevent the utilization of
the contaminated groundwater.

Based on dl of the available data, currently there does not appear to be any contaminated groundwater
exceeding Washington State chronic surface water criteriafor chromium for protection of freshwater
aquatic life - 10.5 pg/L seeping into the Columbia River from the FHC groundwater plume. The
concentrations of chromium in the groundwater immediately adjacent to the Columbia River were
predicted using a groundweter flow smulaion mode. With no groundwater cleanup, the level of
chromium at receptors along the river was predicted to rarely exceed the State standard for chromic
surface water for chromium at 10.5 pg/L. Thisisdueto dilution of the contaminate plume which occurs
as groundwater migrates to and enterstheriver.



Likelihood of exposure to human hedth and the environment from contaminated soils and groundweter
at the FHC ste over the next severd yearsislow given the current Sze and direction of the plume, and
chromium concentrations in surface soils. The dte does, however, present an ongoing threat to
groundwater, and potentidly to human health and the environment in the future if left uncontrolled.

7.2  Endangerment Assessment, Summary

An Endangerment Assessment was conducted as part of the origind Feasibility Study to evauate the
risk to public hedlth posed by the Ste and to assist in determining the proper level of remedia response
(Dames and Moore and Bovay Northwest 1987).  Although the groundwater contaminant
concentrations have changed since the 1987 report was written, recent data suggest that the same types
of risk are fill present. The magnitude of Ste risks has decreased over time, but groundwater il
exceeds maximum contaminant levels (MCLs), and soil exceeds human hedlth cleanup criteria Based
on these conditions, arevised risk assessment was not completed for this Amended ROD because the
conclusions of the 1987 assessment are il valid.

Six hazardous substances were identified in the RI to be present in one or more media at concentrations
of potentia concern to human hedlth and the environment. All were consdered in the 1987
Endangerment Assessment. These substances are: chromium, nickd, lead, PCE, TCE, and TCA.
During the 1999 groundwater investigation activities, PCE and TCE were detected in 23 and 24 of 30
“A” zone groundwater samples. Only three PCE concentrations exceeded the MCL (5 pg/L) and only
one TCE concentration exceeded the MCL standard. VOCs are not being considered further for
remedia actions because 1) concentrations have been extremey low and few detections have
exceeded the respective MCL criteria, 2) VOCsin groundwater have historically been an area-wide
problem, not specific to FHC, and 3) the presence of VOCsis not directly linked to past activities at
FHC. Nicke and lead were dso found in soils a the facility during the RI. The contaminant levels of
these substances were much less than those for chromium.  Nickel at the site did not exceed the 107
cancer risk for long-term airborne exposures. Lead aso presented minimd risk at the sitein that the
levels did not exceed and were not expected to exceed the National Ambient Air Quality Standards.
Though the levels of exposure were not zero, the additiona risk imposed by the dust was negligible. A
review of the toxicologica properties of these chemicdsis contained in the Endangerment Assessment
which is contained in the Adminigrative Record for the FHC ste.

Hexavaent chromium is the hazardous substance of primary concern a the FHC Ste.  Hexavaent
chromium is a potentid carcinogen when inhaed, is highly mobile in groundwater, and istoxic a low
concentrations. The level of dlowable chromium inthe air is 25 micrograms per cubic meter based
upon an occupationa exposure of eight hours per day.

The risk from exposure to chromium from direct contact and inhalation of airborne dust was



investigated as part of the Endangerment Assessment. Exposure was measured using persond air
monitoring samples obtained from on site workers. Long term exposure was modeled based on
surface soil contaminant concentrations. It was determined that the levels of exposure were well below
the amount alowed in standards for occupationa settings. According to the Assessment, chromium
does not exceed the 107 cancer risk for long term airborne exposures.  These exposure estimates do
not account for potentialy higher short term exposures to dust due to vehicular traffic and wind. This
increased risk was not quantified.

Surface water was aso examined near the site. Standing water in puddles were sampled for the
presence of chromium. Chromium was found but human hedlth risk from exposure to the surface water
was conddered minima. Any remedia action implemented would likely reduce the contamination of
the surface water on the Site, further reducing any risk from this exposure. Risk due to contamination of
the Columbia River was modded and found to be negligible due to the low concentrations of chromium
detected in groundwater near the river, and predicted dilution of groundwater asit migrates to and
enterstheriver.

The greatest risk presented by the dite is through the contamination of the groundwater and the drinking
water supply with hexavaent chromium. Trangport of groundwater contaminants off Ste was evauated
for hexavaent chromium. Target population receptors were evauated for exposure at downgradient
well locations, the nearest municipa supply well, and aschoal irrigation well. A groundwater
contaminant transport modd was used to predict exposure via the groundwater pathway.

Hexavaent chromium concentrations in impounded surface waters, Ste runoff, and groundwater
discharge to the Columbia River were dso evauated either by direct observations or mode
predictions. Target populations were those that might come in contact with these waters during
recreationd, occupationd, or incidental activities. Surface water exposure estimates were devel oped
using limited field data. Groundwater exposure estimates were based on the same predictive model
used to evaluated the potable groundwater pathway .

7.2.1 Endangerment Assessment Findings

Groundwater Pathway: The modding results for a 70-year scenario suggest little impact at existing
domestic or municipa water wells. The maximum predicted probability of exceeding the MCL for
chromium was 5%.

However, a hypothetical wel within and near the existing groundwater plume would be severdy
impacted. Hexavadent chromium levels as high as 714,000 pg/L were predicted for these wells, as
compared to the MCL. Groundwater concentrations of total chromium as high as 300,000 pg/L
(1985) have been detected in the contaminated plume.



Groundwater discharges to the Columbia River: The concentrations of chromium in the
groundwater immediately adjacent to the Columbia River were predicted using a groundwater flow
gmulaion modd. With no groundwater cleanup, the level of chromium at receptors aong the river was
predicted to rarely exceed the State standard for chromic surface water for chromium at 10.5 pg/L.
Thisis due to dilution of the contaminate plume which occurs as groundwater migrates to and entersthe
river.

Airborne Pathway: All airborne exposure anayses were based on predicted annua averages and
assumed tota chromium to hexavaent chromium ratios. Hexavadent chromium vaues for surface soil
samples were unavailable, S0 were ingtead estimated using chromium to hexavadent chromium ratios
from subsurface borings. The error inherent in the use of the observed chromium to hexavaent
chromium ratios was incorporated in the andysis, and this error is reflected in the estimated
probailities of exceeding standards and the 95™ percentile risk estimates. The 95" percentile excess
cancer risk for chromium did not exceed the 107 level on site or the 108 leve off site.

Surface Water Pathway: Due to the limited amount of surface water at the Ste during characterization,
insufficient data were available to conduct a detailed assessment of the human hedth and environmental
risk due to surface water transport.

Incidental Ingestion Pathway: Worst-case scenarios for chromium ingestion of on-site soils or acute
consumption of blackberries grown on Site exceed dlowable daily intake (ADI) values for chromium
for children. However, in both of these cases, other exposures - notably inhaled dusts - might be of
greater concern to children accessing the site. Analyses of on-gte ingestion scenarios for children
assumed residentia use of the Site.

7.3 Conclusions

Observed groundwater monitoring results for chromium show levels that present a substantia and
imminent endangerment to the public if drinking water resources were developed in the area of the
exigting and predicted plume to the south of the Site.

The aguifer is contaminated in excess of the MCL. The groundwater in the greeter area generdly is
used for drinking water but existing drinking water wells are not currently affected by chromium-
contaminated plume, nor is it expected that they will bein thefuture. However, any future well
development within or near the exigting plume of contaminated groundwater would be severdly
impacted. Therisk from drinking contaminated water is based on the potentiad use of the water from
the contaminated portion of the aquifer. Thisthregt to the potential drinking water supply is expected to
remain if no actions are taken to remedy the site.

The site presents an ongoing threet to groundwater, and potentialy to human health and the



environment in the future if left uncontrolled. These risksinclude the following:

. A groundwater plume with concentrations exceeding the MCL currently extends 1000
feet south of the FHC site and there are currently no controls to restrict the movement
of this plume, or continued impacts to groundwater from highly contaminated soils. This
uncontrolled plume presents an exigting and future threat to the groundwater asa
resource to the City of Vancouver.

. As described above, dthough the FHC plume appears to be shrinking, posing no
immediate threet to the Columbia River and existing drinking water wells,
concentrations at the center of the plume have remained consigtently high since the site
was discovered. Concentrationsin soils on Site have aso remained congistently high,
and continue to act as an ongoing source of contamination to the aquifer.

. Future use of the FHC ste may include demolition of on-gte sructures. The highest
concentrations of chromium in soil and groundwater exist below these structures.
Potential remova of these structures without proper oversight from appropriate
agencies presents two magjor risks: 1) risk to workers, on site personnel and the
community from direct contact with heavily contaminated soil and inhaation of
contaminated dust particles, and 2) flow of surface water through heavily contaminated
soils previoudy covered with on-gte buildings, causng hexavalent chromium in these
soils to leach more readily into groundwater.

. Future use of the FHC site may not be redtricted to industrid use. The areanorth of the
Columbia River where FHC islocated is undergoing rapid residentiad development.
While FHC and the immediate environs are currently light indudtrid, this designation
may change as the demand for further residentia development increases. Current
exposure scenarios for airborne dust emissions assume that FHC is an indudtrid ste
with an 8 hour work day. Incidenta ingestion of contaminated surface soilsas arisk
factor has never been thoroughly evauated given the indudtrid nature of the Ste and the
concentrations present. If future use of the Site becomes residential, exposure scenarios
will change, and current levels of contamination in surface soils may be unsafe,

While current risks to human hedlth and the environment are low, EPA beieves that the current and
future impacts to the groundwater, as well as potentia future risks posed by contaminated soils and
groundwater at the FHC site, warrant active cleanup. The response action selected in this Amended
Record of Decision is necessary to protect the public hedth or welfare or the environment from actua
or threatened releases of hazardous substances into the environment. Such arelease or threet or
release may present an imminent and subgtantial endangerment to public hedth, welfare, or the
environmen.



8.0 REMEDIATION OBJECTIVES

8.1 Remedial Action Objectives

Remedid Action Objectives (RAOs) are specific goas to protect human hedth and environment.
Generaly, RAOs identify the exposure routes, receptors, chemicals of concern, and a human health or
environmental cleanup objective.

EPA has established the following RAOs for contaminated groundwater &t the Ste:

Restore all hexavalent chromium-contaminated groundwater to groundwater cleanup standards
(MTCA A standards)

Prevent ingestion of hexavalent chromium-contaminated groundwater above state groundwater
cleanup standards (MTCA A standards)

Prevent chromium-contaminated groundwater from seeping into the Columbia River above
chronic state standards for the protection of fresh water aquatic organisms

EPA has established the following RAOs for contaminated soils at the site:

Prevent hexavalent chromium in soils from serving as an uncontrolled, ongoing sour ce of
contamination to groundwater

Prevent current and future exposure to soil contaminated with chromium above state standards
for unrestricted future use

Summary of Cleanup Levels I

Media Chemicals of Concern Cleanup Levels Sour ce of Cleanup
L evel

Groundwater Tota Chromium 50 pg/L MTCA A




10.5 pg/L

State Chronic Surface
Water

Sail

Hexavdent Chromium
Hexavdent Chromium
Trivdent Chromium

19 mg/kg
400 mg/kg
80,000 mg/kg

MTCA A
MTCA B
MTCA B

MTCA A =*“Model Toxics Control Act, Method A” is set by the Washington State of Department of Ecology.
Values are set for unrestricted future use. A value of 100 pg/L may be used if the chromium in groundwater is

trivalent chromium.

MTCA A for hexavalent chromium in soilsis established for the protection of groundwater. Values are set for

unrestricted future use

MTCA B for hexavalent chromium in soilsis established for human health protection through direct contact.
The value of 400 mg/kg is determined not to be protective of groundwater at the site. Therefore, the MTCA A

hexavalent chromium value of 19 mg/kg will serve as the cleanup level for cleanup.

MTCA B for trivalent chromium is established for human health protection through direct contact. EPA will
demonstrate that this value is also protective of groundwater through historical data evaluation, modeling,
and/or future monitoring (see Section 10 below for further discussion).




8.2 Key Applicableor Relevant and Appropriate Requirements

The key Applicable or Relevant and Appropriate Requirements (ARARS) for cleanup of groundwater
at the FHC dte include the State of Washington Modd Toxics Control Act (MTCA), Method A
groundwater cleanup standards, and the State of Washington chronic surface water criteria. For soils,
the key ARARs include the MTCA Method A cleanup standard for unresiricted future use for
hexavaent chromium, and the MTCA Method B standards for protection of human hedth through
direct contact for trivalent chromium.

For hexavdent chromium in soils, the MTCA Method A standard for unrestricted future use and
protection of groundwater (19 mg/kg) is appropriate for the FHC ste. Although the MTCA Method B
direct contact standard of 400 mg/kg is appropriate for the protection of human hedth through direct
contact, it isinappropriate for the protection of groundwater.

Conversdly, EPA believestha the MTCA Method B standard for trivalent chromium of 80,000 mg/kg
in soilsfor protection of human hedth through direct contact is appropriate for the FHC site, including
the protection of groundwater. According to the requirements of WAC 173-340-747, EPA will
demondtrate that the MTCA Method B direct contact standard is aso protective of groundwater
through modeling, historical data evauation and/or future monitoring.

Asthe Sdected Alternative in this Amended ROD utilizes the injection of reductants into the
groundwater, it must comply with WAC 173-218 - the Underground Injection Control Program -
which sets forth procedures and practices applicable to the injection of fluids through wells.

9.0 DESCRIPTION OF ALTERNATIVES

Thelist of cleanup aternatives for soil and groundwater described and evauated below is drawn from
the May, 2000 Fina Focused Feasibility Study, but includes the sdlected aternatives from the 1987
and 1988 RODs for comparison. Alternatives evauated in the 1987 ROD for soils which are not
carried forward for discusson in this Amended ROD include: excavetion/trestment/off-ste disposd,
due to cogt; and biologica treatment, due to technical infeasibility. While this Amended ROD does
evauate extraction and treatment of groundwater from the plume “hot spot”, it does not evauate
extraction and treatment of al groundwater contaminated above state groundwater cleanup standards
asincluded in the 1988 ROD. Extraction and treatment of al groundwater contaminated above state
groundwater cleanup standards is not evaluated in this Amended ROD because the costs would be
excessve for margind gain in contaminant removal.

Alternative description and evauation is divided into separate discussions of “groundwater” and “ soil”
remedies for ease and clarity of presentation. Combinations of groundwater and soil remedies are



briefly discussed in the “ Comparative Andlyss of Alternatives’ section below, and more specificdly in
the “ Sdlected Remedy” section.

91 Groundwater

All of the active groundwater dternatives described in this Amended ROD address the specific portion
of the plume with the highest concentrations, known as the plume “hot spot”, while leaving larger aress
of the plume with lower concentrations to dilute and disperse naturaly in conjunction with continued
monitoring and ingtitutional controls.  Based on groundwater monitoring data collected to date, EPA
believes that the plume exceeding state groundwater cleanup criteria which exists outside of the plume
“hot gpot” will dilute and disperse naturdly if source area soils and groundwater (* hot spot”) are
effectively treated. The plume “hot spot” is defined as that area of the plume with concentrations of
chromium exceeding 5,000 pg/L (Figure 8). Thisarearoughly coincides with the contaminated soils
source area, defined by soils concentrations in excess of 19 mg/kg (Figure 7). Beyond the “hot spot”
remaining areas of the plume are characterized by lower concentrations ranging from 50 pg/L to 1,400
Mg/L present over an area of gpproximately 500,000 square feet. Dueto the high cost of potentialy
remediating this areas for limited contaminant remova, EPA will not be consdering dternatives which
address the entire plume.

Alternative 1 - No Further Action: CERCLA requires evauation of ano-action dternative to reflect
future conditions without any cleanup effort. Thisdternativeis used for comparison to other
dternatives and does not include any type of ingtitutiona controls.

Under this aternative no additional actions would be taken to cleanup soils or groundwater at the FHC
Site. No controls would be impaosed to prevent ingdlation of drinking water wells on the Site or in the
area surrounding the site where impacted groundwater has migrated. No measures would be taken to
prevent migration of contaminants into the Columbia River. No warnings would be posted on the Site
identifying the potentiad hazards associated with consumption or prolonged contact with the
groundwater.

Alternative 2 - Institutional Controls/Monitoring: This dternative congsts of dlowing the chromium
in the groundwater to diperse and dilute with time under no outsde influence. Indtitutiona controls and
monitoring would aso be implemented to protect human hedth and the environment during the time
required for dispersion and dilution to reduce chromium concentrations. In addition to the Sate and
locd indtitutiona controls dready in place, inditutiona controls would consst of placing notices and
regtrictions on property deeds. The notices would inform new buyers and existing occupants of
surrounding businesses of the impacted groundwater and its potentid adverse effects on human hedth if
groundwater were consumed. Property owners would ensure that any future property transfers would
include deed restrictions that would prevent the ingalation of drinking water wells on the impacted
properties. Monitoring of existing wells would be needed to track the concentrations in groundwater



over time. In the event contaminant concentrations increased in surrounding wells that previoudy hed
no detections above acceptable levels, owners of properties and known users of wells would be
warned, and additional deed restrictions and hedlth advisories would be issued. Deed redtrictions and
notices would be removed when concentrations in the wells decreased to acceptable levels.
Monitoring would be required until groundwater mesets state MTCA A groundwater cleanup standards.

Alternative 3 — Pump and Treat/Institutional Controls/Monitoring (Selected alternative in 1988
ROD): This dternative would involve the inddlation of a group of pumping wells a optimum spacing
and pumping rates to create a“ capture zone” for recovery of hexava ent-chromium contaminated
groundwater. This zone of recovered groundwater would be designed to be of sufficient Sze to control
and contain the area of groundwater with the highest concentrations of chromium — deemed to be the
“source ared’ or “hot spot” of the chromium-contaminated plume. The source areais defined as that
area of the plume containing concentrations of 5,000 pg/L or greater. Contaminated groundwater
would be pumped from a series of 7 extraction wells to a surface trestment system which would
remove chromium through ion exchange treatment. The pump and treat system would operate for an
estimated 5 years, pumping at arate of 30 gallons per minute. Contaminated groundwater outside of
the source areawould be left to disperse and dilute to acceptable levels (50 pg/L). Indtitutiond controls
and monitoring would be completed as discussed in Alternative 2. Monitoring would be required until
groundwater meets stlate MTCA A groundwater sandards. Monitoring for 30 years has been included
in the cost estimate in Section 9.

Alternative 4 — In-situ ISRM Treatment Barrier, Institutional Controls, Monitoring: This
dternative conssts of condtructing a treatment barrier wal using In-situ Redox Manipulation (ISRM)
technology down-gradient of the soils source area (hexavaent chromium concentrations exceeding 19
mg/kg) to intercept and reduce hexavaent chromium to trivaent chromium. 1SRM trestment
technology for hexavaent chromium consists of delivering achemica reductant into the aquifer or soil
matrix to reduce the naturaly occurring iron, thereby creating an in-Situ reactive treetment zone which
reects directly with the chromium. As chromium-contaminated groundwater passes through the
reactive zone, the hexavdent chromium is reduced, or changed, to trivaent chromium, which is
insoluble, and non-mohile. At the FHC site, reductant would be injected or augered into the
groundwater immediately down-gradient of the plume “hot spot” as detailed in Figure 13.  Injection of
reductant into this area, the most likely method of reductant delivery, would require gpproximately 11
injection wells. Based upon a site-specific soil andysis conducted by Battelle Northwest, the barrier is
predicted to remain active for gpproximately 30 years. |If the barrier becomes saturated and ceases to
function before up-gradient groundwater achieves state groundwater cleanup standards, reinjection of
reductant would be required to recharge the barrier wall. Cogisfor potentia reinjection are not
included in the estimate below. Contaminated groundwater outside of the source areawould be l€ft to
disperse and dilute to acceptable levels (50 pg/L). Indtitutiona controls and monitoring would be



completed as discussed in Alternative 2. Monitoring and ingtitutiona controls would be completed as
discussed in Alternative 2. Monitoring for 30 years has been included in the cost estimate in Section 9.

A by-product of the reactions created by reductant injection is sulfate. The maximum concentration of
sulfate predicted to be generated through this processis 2000 mg/L, or 8 times the secondary state
Maximum Contaminant Level (MCL) standard of 250 mg/L. Conservative modding indicates that the
maximum sulfate concentrations will dilute and disperse to the secondary standard approximately 1000
feet down-gradient within gpproximately 400 days. In other words, sulfates would create a temporary
impact to groundwater within the aready contaminated groundwater plume. Asthis dternative utilizes
the injection of reductantsinto the groundwater, it must comply with WAC 173-218 - the Underground
Injection Control Program - which sets forth procedures and practices applicable to the injection of
fluids through wells. If sulfate concentrations are higher than expected, EPA will explore dternative
methods such as extracting the sulfates asthey are generated. Alternative methods have not been
evduated for cogt, and are not reflected in the cost estimates in Section 9.

Alternative 5 — In-situ Reduction of Hexavalent Chromium in Groundwater Source Area,
Institutional Controls, Monitoring: Like Alternative 4, this dternative would involve the ddivery of a
reducing chemicd directly into the soils and groundweter of the groundwater source area, directly
converting hexavaent chromium to trivaent chromium. The reductant would be injected or
augerediinjected into the plume “hot spot” in the aquifer as detailed in Figure 14.  If injection is used,
approximately 18 injection wellswould be required to ddiver reductant to the entire plume hot spot.
Contaminated groundwater outside of the source area would be |€ft to dilute and disperse to
acceptable levels (50 pg/L). Monitoring and Ingtitutional Controls would be completed as discussed in
Alternative 2. Groundwater monitoring is estimated to be necessary for a period of 15 years. Again,
generation of sulfates would occur as aresult of the chemica reactions taking place, and downstream
monitoring during injection or augering would be required to ensure that sulfate leves will dilute and
disperse as predicted.  If augering/injection is used, on Site structures would need to be removed prior
cleanup.

9.2 Soils

All active soil remediation dternatives focus on the soils source area, or that area defined by
concentrations of hexavaent chromium in excess of 19 mg/kg as detailed in Figure 7. The soils source
area covers approximately 28,000 square feet and extends to approximately 25 feet in depth for a total
volume of 26,000 cubic yards.

Alternative 1 - No Action: The no-action dternative conssts of doing nothing to the contaminated
soilsa FHC. No controls would be put in place to prevent human health exposure or protect the
environmen.



Alternative 2 — Institutional Controls/Monitoring: This dternaive would involve ingaling sgnson
the facility to warn workers and business employees of contamination in surface and subsurface soils.
Signswould warn againgt digging or excavation without proper conformance to environmenta laws.
Deed notices and redtrictions would dso warn potentia buyers of the presence of subsurface soil
contamination and would limit the use of the property to industrid purposes. In addition, deed
restrictions would require remedia actions to prevent exposure to contaminated soil beneath buildings if
building demolition occurs as aresult of future property development. Fences around the property
would keep out trespassers who could inadvertently be exposed to contaminated soils. Property
owners would ensure that any future property transfers would include the deed restrictions described
above.

Alternative 3 — Capping: Thisdternative consgs of placing an agphdt layer over the contaminated
s0il exceeding 19 mg/kg of hexavaent chromium to provide separation from human contact and reduce
leaching of chromium from soilsto groundwater. The areato be capped would likdly be confirmed
through surface and subsurface soil sampling during remedia design. Based on current information, it is
assumed that an area gpproximately 200 by 155 feet, or 31,000 square feet, would be paved if
buildings are removed. If the buildings remain in place, the areato be capped would be reduced by the
area covered by the buildings. Annua inspection and periodic maintenance of the cap would be
required to ensure that any large cracks that developed were repaired. Monitoring for 20 years has
been included in the cost estimate in Section 9. Ingtitutional controls would be implemented as
described in Alternative 2.

Alternative 4 — Soil Excavation, Removal, and Disposal: This dternative involves the excavation of
the most heavily impacted soils, or soils containing hexavaent chromium in excess of 19 mg/kg. Based
upon current information, approximately 26,000 cubic yards of soil would need to be excavated and
disposed of a a permitted facility. To obtain access to the soil, two buildings -the former FHC building
and the Richardson Meta Works building - would have to be demolished. After the soil is removed for
disposd, clean backfill would be placed in the hole.

Alternative 5 — Soil Excavation, Stabilization, and Replacement (Selected Alternative from 1987
ROD): Thisdternative involves the excavation and on-ste sabilization of soils usng concrete to
minimize leaching of chromium. Stabilized soils would then be returned to the excavated ste. Aswith
Alternative 4, two buildings would have to be demolished to obtain access to contaminated soils.

Alternative 6 — In-situ Treatment of Soils Using Reducing Chemicals: This aternative conssts of
injecting or augering a chemica reductant into source area oils to reduce the hexavdent chromium in
the soils source area to trivaent chromium as detailed in Figure 15. Chemical reductants would ether
be injected through vertica or horizonta injection wells, or mixed directly with on Ste soils using an
auger. Use of verticd injection or augering/injection would require demolition of on site buildings.
Horizonta injection could be used with the buildingsin place. Someinditutiona controls and



monitoring would be required as described in Alternative 2. 15 years of monitoring has been included
in the cost estimate in Section 9. Aswith groundwater dternatives that use reductants, sulfates would
be generated as aresult of the chemical reactions taking place.

100 COMPARATIVE ANALYSISOF ALTERNATIVES
10.1 Evaluation Criteria

The Sdected Alternative for the cleanup of soils and groundweter at the FHC Site was chosen on the
basis of the remedid dternative evauation criteriafound in the NCP. The nine criteriaare divided into
three categories: threshold, baancing, and modifying criteria To be digible for sdection, an dternative
must meet the two threshold criteria The five baancing criteriaweigh trade-offs among dterndives, a
low rating on one baancing criterion can be compensated by a high rating on ancther. Thefina
modifying criteriaare consdered after the public comment period during selection of the fina remedy.
These nine criteria are presented below and explained in further detail.

Threshold Criteria: Must be met to be digible for selection

Overall Protection of Human Health and the Environment. How well does the aternative protect
human hedth and the environment, both during and after congtruction?

Compliance with Applicable or Relevant and Appropriate Requirements (ARARS). Doesthe
aternative meet requirements of state and federa laws and regulations that apply or that are relevant
and appropriate to the cleanup action?

Balancing Criteria: Used to compare aternatives

L ong-term effectiveness and per manence. How well does the aternative protect human hedth and
the environment after completion of the deanup? Wha, if any, riskswill remain a the Ste?

Reduction in toxicity, mobility, and volume through treatment. Does the dternative effectively
treet the contamination to sgnificantly reduce the toxicity, mohility, and volume of the hazardous
substances?

Short-term effectiveness. Arethere potentid adverse effects to elther human hedlth or the
environment during congtruction or implementation of the aternative?



Implementability. Isthe aternative both technicaly and adminigratively feasble? Has the technology
been used successfully at Smilar Sites?
Cost. What are the relative costs of the dternative?

Modifying Criteria: Evauated as aresult of public comments.

State acceptance. What are the state comments or concerns about the aternatives considered and
about the Preferred Alternative in the Proposed Plan? Does the state support or oppose the Selected
Remedy in the Amended ROD?

Community acceptance. What are the community’s comments or concerns about the aternatives
consdered and about the Preferred Alternative in the Propose Plan? Does the community generdly
support or oppose the Preferred Alternative in the Proposed Plan?

10.2 Comparative Analysis of Alternatives
Overall Protection of Human Health and the Environment
. Groundwater

Alternative 1 (No Action) does not provide any degree of protection for human health and the
environment. Alternative 2 (Ingtitutional ControlsMonitoring) provides minima protection of human
hedlth by warning potentially affected parties of the Ste hazards and redtricting access to the FHC Site
and aress affected by the groundwater plume. Alternatives 3 (Pump and Trest), 4 (ISRM Treatment
Barrier) and 5 (In-situ Reduction of Hexavaent Chromium in Groundwater Source Area) dl provide
protection of human hedlth and the environment by either treating or containing contaminated
groundwater in the plume “hot spot”. Alternatives 3, 4 and 5 aso provide for ingtitutiona controls and
monitoring as the remaining plume disperses and dilutes to state groundwater cleanup standards.

. Soils

Alternatives 1 (No Action) and 2 (Indtitutiona Controls'Monitoring) do little or nothing to protect
human hedth and environment. Alternative 2 provides minimal to moderate protection to humans by
warning of risks associated with dermal contact or ingestion of contaminated soil. Alternative 5
(Stabilization with Concrete) has been shown to be ineffective a preventing mobilization of hexavaent
chromium to groundwater in Site specific Sabilization tests conducted in 1991. Alternative 3 (Capping),
while effective at limiting dermd contact and ingestion, would do nothing to prevent continued leaching
of contaminants from subsurface soils to groundwater. Alternatives 4 (Remova/Disposal) and 6 (In-
Stu Treatment of Soils Using Reducing Chemicas) are protective of human heath and the environment.
In-situ treetment and remova prevent human contact with affected soils and prevent leaching of
contaminants to groundwater.



Compliance with ARARS
. Groundwater

The primary ARARs for al groundweter aternatives are federal MCLs and MTCA state groundwater
cleanup standards. Alternatives 3 (Pump and Trest), 4 (ISRM Treatment Barrier) and 5 (In-situ
Reduction of Hexavadent Chromium in Groundwater Source Area) al utilize technologies that meet
ARARs by employing methods which reduce groundwater contamination near the source and prevent
further migration of contaminants down-gradient (assuming remediation of source area soils).
Alternatives 4 and 5 both utilize the injection of reductants into the groundwater and must comply with
WAC 173-218 - the Underground Injection Control Program - which sets forth procedures and
practices applicable to the injection of fluids through wells.  Alternatives 1 and 2 do not comply with
ARARs. Alternatives 1 and 2 do not comply with cleanup goas or address Site risks.

. Soils

The primary ARARs for dl soil dternatives are the sate sandards for protection of human health
through direct contact and protection of groundwater. Alternatives 1 and 2 do not comply with
ARARSs. Neither aternative addresses groundwater protection or direct contact associated with
chromium-contaminated soil. Both dternatives leave contamination on site above MTCA deanup
requirements with no exposure reduction. Alternative 5 does not comply with ARARSs as leachate to
groundwater would not be controlled with cement stabilization of contaminated soils. Alternative 3
reduces infiltration of groundwater but would not prevent groundwater contact with contaminated
subsurface soils and in the long-term would likely prove ineffective a preventing infiltration.
Alternatives 4 and 6 comply with ARARs. Both dternatives meet the soil cleanup god of 19 mg/kg
hexavaent chromium for protection of groundwater.

Groundwater Alternatives 1 (No Action) and 2 (Ingtitutional Controls’Monitoring), and soil Alternatives
1 (No Action), 2 (Indtitutional Controls’Monitoring), 3 (Capping), and 5 (Stabilization), dl fal at least
one of the Threshold Criteriaand will not be carried forward for further evauation.

L ong-Term Effectiveness and Permanence
. Groundwater

Alternative 3 (Pump and Tresat) has good long-term effectiveness because the contaminants are
removed from the groundwater and disposed of off ste. Alternatives 4 (ISRM Treatment Barrier) and
5 (In-situ Reduction of Hexavaent Chromium in Groundwater Source Area) have very good to
excdlent long term effectiveness because contaminants are converted to a non-toxic and immobile form
of chromium in-Stu. Alternative 4 may be less effective long term than Alternative 5 because
groundwater up-gradient of the treatment barrier may not meet state groundwater cleanup standards
before the trestment barrier expires. If the trestment barrier expires, reinjection would be required.



. Soils

Alternative 4 (Remova/Disposal) provides excdlent long-term protection by permanently removing
contaminated soils from the site. Alternative 6 has very good to excdlent long- term effectiveness
because contaminants are converted to an immobile form in-situ. Soil mixing in Alternative 6 (In-situ
Trestment of Soils Usng Reducing Chemicals) is preferable to horizontd or vertica injection asthe
latter methods may not effectively deliver the reducing chemicasto dl affected soils - particularly
denser soils such as clay where the highest concentrations of chromium are located.

Reduction in toxicity, mobility, and volume through treatment
. Groundwater

Alternative 3 (Pump and Treat) reduces toxicity and mobility through remova of the contaminant from
the groundwater and ion exchange treatment. Alternatives 4 (ISRM Treatment Barrier) and 5 (In-Situ
Reduction of Hexavdent Chromium in Groundwater Source Area) reduce the mobility and toxicity
through treestment, causing changes to the physica state of the contaminant.

. Soils

Alternative 4 (Remova/Disposd) reduces the mobility of contaminants by completely removing them
from the Ste and treating as necessary to comply with disposd regulations. Alternative 6 (In-Situ
Treatment of Soils Using Reducing Chemicals) provides reduction in mobility and toxicity through
trestment, causing changes to the physica state of the contaminant.

Short-term Effectiveness
. Groundwater

Alternative 3 (Pump and Treat) has the lowest short-term effectiveness due to the construction required
for pump and treat and the potential exposure of workers to the cleanup operation. Alternatives 4
(ISRM Treatment Barrier) and 5 (In-situ Reduction of Hexavdent Chromium in Groundwater Source
Ares) have high short-term effectiveness as excavation work is minimized, reducing off-ste exposure to
dust; and off-gite disposd isinggnificant, reducing the potentid for traffic accidents during cleanup. If
augering/injection is used for Alternative 5, occupants from the FHC and Richardson Metals buildings
would need to be rdocated and the buildings demoalished. If augering/injection is used for Alternatives
4 or 5, temporary, localized non-toxic odors may result from injection/mixing of reductantsinto surface



s0ils. All the dternatives will minimally impact neighboring businesses with some increase in traffic and
noise. Apart from monitoring, Alternatives 4 and 5 have relatively shorter implementation periods
(approximately 6 months) than Alternative 3 (5 years). Alternatives 3 and 5 would help achieve
groundwater cleanup water standards throughout the plume areain ardatively shorter period than
Alternative 4 which does not directly impact the plume “hot spot” area.

. Soils

Alternatives 4 (Remove/Dispose) has the lowest short-term effectiveness due the amount of excavation
required and resultant dust generation. Alternative 4 aso requires sgnificant truck traffic to haul soils
off dte. Alternatives 6 (In-stu Trestment of Soils Using Reducing Chemicals) has good short-term
effectiveness as excavation and traffic are minimized. If augering/injection is used for Alternative 6,
occupants from the FHC and Richardson Metd's buildings would need to be relocated and the
buildings demolished. If augering/injection is used for Alternatives 4 or 5, temporary, localized, non-
toxic odors may result from injection/mixing of reductants into surface soils. Both dternatives have
relatively smilar periods of implementation (gpproximately 6 months) and would both achieve cleanup
objectives a the end of project implementation. Confirmatory sampling and monitoring would be
required for both aternatives after project implementation.

I mplementability
. Groundwater

Alternatives 4 (ISRM Treatment Barrier) and 5 (In-stu Reduction of Hexavaent Chromium in
Groundwater Source Areq) are the easiest to implement asintrusive work is kept to aminimum. I
augering/injection is used for Alternative 5, tenants from on-site buildings would need to be relocated
and the buildings demolished. Alternative 4 may face implementability issues arisng from working a a
ste with potentidly active facilitiesif the buildings are left in place. Both of these dternatives have been
shown to be effective and implementable a other Stes, particularly the Hanford Site in Richland,
Washington where an ISRM barrier is being used to treat chromium contaminated groundwater flowing
to the ColumbiaRiver. Alternative 3 (Pump and Treet) is the most difficult to implement. In addition to
inddlation of wdls, it dso requiresinddlation of pipe trenches. Alternative 3 is more difficult to
implement than Alternatives 4 and 5 because of the added complexity of the treetment system and the
treated water disposal requirements.

. Soils

Alternatives 4 (Removd/Disposal) and 6 (In-situ Treatment of Soils Using Reducing Chemicas)- if
augering is used - would be moderatdy difficult to implement as the buildings would need to be torn
down. If augering/injection is used for Alternaive 6, tenants from on-site buildings would need to be
relocated and the buildings demolished. Alterndive 6 using injection wells would be difficult to



implement due to the impact on the businesses during condruction, and a possible ineffective
gpplication under buildings. Working around the site businesses (requiring weekend and evening work
schedules) in order to minimize disruption would saverdly impact implementation.

Cost
Cost of Soil and Groundwater Alternatives
All amounts adjusted to present value

Construction Costs Operation and TOTAL PROJECT

Groundwater: Maintenance Cost COSTS
(Total)
$3,762,000 $5,400,000

Alternative 3 - Pump and Treat $1,262,000 $1,638,000 $1,435,000
Alternative 4 - ISRM Treatment Barrier $2,670,000 $173,000 $2,843,000
Alternative 5 - In-situ Treatment of $173,000
Source Area
Soils:
Alternative 4 - Soil Excavation, Removal, $8.678,000 $11.000 $8.689,000
Disposal
Alternative 6 - In-situ Reduction of $1,532,000 $154,000 $1,686,000
Chromium

All costs are based on the July, 2000 Final Focused Feasability Study, with some minor revisions.
Total costs for Groundwater Alternatives 3, 4 and 5 include institutional controls and long term monitoring and
maintenance for 30 years. Soil Alternative 4 assumes minimal maintenance and reporting beyond confirmatory

sampling. Soil Alternative 6 assumes 15 years of monitoring and maintenance will be required.

Injection of reductants through wellsis assumed for Groundwater Alternatives 4 and 5. Augering and injection
of reductants is assumed for Soil Alternative 6.

Given the low grobabi | it¥ of a gotentia] recharge of the ISRM Treatment Barrier sGroundwater Alternative 42,




costs for this contingency are not included.

The potential for excavation of contaminated soilsin areas of potential auger refusal in Soil Alternative 6 - In-situ
Reduction of Chromium - have not been included. Best professional judgement based upon sampling
information indicates the probability of auger refusal to be low.

Costs for potential relocation of tenants due to building demolition have not been included for Soil Alternatives
4 and 6. Costs for building demolition have been included in Soil Alternatives 4 and 6.

State Acceptance

The Washington State Department of Ecology has been involved with the development of remedid
dternatives for soils and groundwater at the Frontier Hard Chrome Superfund Site and agrees with the
Selected Remedy presented in this Amended ROD.

Community Acceptance

During the pubic comment period for the Proposed Plan for this Amended ROD, EPA received one
comment letter with two comments. The comment |etter was generally supportive EPA’ s Selected
Remedy but requested additiona information concerning 1) the type and toxicity of potentid by-
products generated through the injection of sodium dithionite into contaminated Ste groundwater; and
2) the potential methods used for delivering reductants to the unsaturated vadose zone of contaminated
soils.  For further information concerning these comments, and EPA’ s responses, refer to the
Respongveness Summary in Part 111 of this Amended ROD.



10.3 Summary of Comparative Analyss

The remedid dternatives matrix below provides a summary of combined soil and groundwater
dternatives, highlighting those combinations which are potentidly protective of human hedlth and the

environment.

Remedial Alternatives, Media and Technology Evaluation Matrix

Groundwater Alternatives

Alternative 2, Alternative 4, Alternative 5,
Alternative 1, Institutional Alternative3, | |SRM Treatment |In-situ Treatment
Soil Alternatives No Action Controls Pump and Treat Barrier of Source Area

Alternative 1,
No Action

Not protective
as source area
soils and plume
“ hot spot”
continue to
present threat to
groundwater

Not protective as
source area soils
and plume “hot
spot” continue to
present threat to
groundwater

Not protective as
source area soils
continueto
present threat to
groundwater

Not protective as
source area soils
continue to
present threat to
groundwater

Not protective as
source area soils
continueto
present threat to
groundwater




Alternative 2, Not protective |Not protective as |Not protectiveas |Not protectiveas |Not protective as
Institutional as source area  |source areasoils |source areasoils  |source areasoils |source areasoils
Controls soils and plume Jand plume“hot  |continueto continue to continue to
“ hot spot” spot” continueto |present threatto  |present threat to |present threat to
continue to present threat to |groundwater groundwater groundwater
present threat to Jgroundwater
groundwater
Alternative 3, Not protective  |Not protective as |Not protectiveas |Not protectiveas |Not protective as
Capping as source area  |source areasoils |source areasoils  |source areasoils |source areasoils
s0ils continue to Jcontinue to continueto continue to continueto
present threat to |present threat to |present threatto  |present threat to |present threat to
groundwater groundwater groundwater groundwater groundwater
Alternative 4 Not protective |Not protective as |Protective but Protective but Protective but
Soil Excavation, [@spPlume®“hot  |plume “hot spot” [excessiveinterms |excessiveinterms [excessivein terms
Removal, spot” remains  |remains untreated |of cost of cost. of cost
Disposal untreated (%$14,089,000) ($10,124,000) ($11,532,000)
Alternative 5, Not protective  |Not protective as |Not protectiveas |Not protectiveas |Not protective as
Stabilization with |assourcearea  |source areasoils |sourceareasoils |source areasoils [source areasoils
Concrete s0ils continue to Jcontinue to continueto continue to continueto
present threat to |present threat to |present threatto  |present threat to |present threat to
groundwater groundwater groundwater groundwater groundwater
Alternative 6, In- |Not protective [Not protective as |Protective Protective Protective*
situ Reduction of Jas plume “hot  |plume “hot spot” (%7 086,000) ($3,121,000) ($2,191,800)
Chromium spot” remains  Jremains untreated
untreated

* Cost assumes that augering/injection of source areasoilsis extended an additional 10 feet in depth for treatment of
plume “hot spot” area. Additional construction costs and reductant costs beyond Soil Alternative 6 are
conservatively estimated to be 30% of Soil Alternative 6 costs based on the additional areato be treated.

. Groundwater

Alternaives 1 and 2, No Action and Ingtitutional Controls, for groundwater are not protective of human
hedlth and the environment, and are thus not considered to be appropriate dternatives for the Site.
Alternative 3 for groundwater, Pump and Trest, is an effective remedy for Ste groundwater, but would
require more time to implement (5 years), and costs significantly more than (gpproximately $3,200,000
more than In-Situ Treatment through augering) In-Situ Treatment. Alternative 4, In-situ ISRM
Treatment Barrier, is an effective containment remedy, but does not treat plume “hot spot” groundwater
and must be recharged and maintained if concentrations in groundwater up-gradient of the barrier
persst beyond the life of the barrier.  If no cleanup takes place, soil concentrations in the source area
are likely to remain extremely high, and would continue to act as a source to groundwater, and a threst
down-gradient should the treatment barrier become less effectiveness. Alternative 5, In-Stu Treatment
of Source Area groundwater, provides for the effective treatment of al groundwater exceeding 5,000



pg/L. All protective groundwater remedies must be implemented in conjunction with protective soil
remedies in order to remain effective over the long term and prevent recontamination of the
groundwater.

. Soils

Alternatives 1 and 2, No Action and Ingtitutiondl Controls, for soilsis not protective of human hedlth
and the environment, and are thus not considered to be appropriate aternatives for the Site.
Alternative 5 for soils, Stabilization with concrete, has dready been shown through studiesto be
ineffective a immohilizing hexavdent chromium. Alternative 3 for soils, Cgpping, reduces infiltration of
groundwater but does nothing to prevent continued leaching of contaminants from saturated soils.
Capping must aso be maintained in perpetuity, and will restrict future use of the property. Alternaive 4
for soils, Excavation, provides for complete removal of contaminated soils in the source area, but at
very high cogt. Alternative 6 for soils, In-Situ Treatment, provides: 1) excdlent overdl protection of
human hedlth and the environment, 2) long term effectiveness, 3) permanence, 4) reduction in toxicity,
and mobility, and 5) state acceptance, at a significantly lower cost than excavetion. Cost assumptions
for implementation of soil Alternative 6 in conjunction with groundweter Alternative 5 imply joint
treatment of source area soils and groundwater in, and beneath, the soils source area through
augering/injection. All protective soil remedies must be implemented with protective groundwater
remedies to remain effective over the long term and prevent recontamination of source area soils below
the water table.

11.0 SELECTED REMEDY (Figure 16)

Alternative 5, In-dtu Treatment of Source Area groundwater, in conjunction with Alternative 4, ISRM
Trestment Barrier, isthe Sdected Remedy for groundwater. Alternative 6, In-stu Treatment, isthe
Sedlected Remedy for soils. Treatment of soils (Soil Alternative 6) and treatment of Source Area
groundweter (Groundwater Alternative 5), is accomplished at the same time using the same method to
deliver the same chemicd reductant. The preferred methodology for delivering reductant to both soils
and groundwater for in-Situ trestment in the soils source area and the plume hot spot is
augering/injection. The ISRM Treatment Barrier (Groundwater Alternative 4) would be ingtdled on the
down-gradient edge of the groundwater hot spot prior to the in Stu trestment of soils and groundwater
gpecified in Groundwater Alternative 5 and Soil Alternative 6. The ISRM Treatment Barrier could be
ingalled using injection wells or augering. Groundwater contaminated above state cleanup standards
which is down-gradient of the ISRM Treatment Barrier would be left to disperse and dilute. The
combination of these dternatives would dlow for the treetment of groundwater and soilsin the soils
source area (soils exceeding 19 mg/kg hexavaent chromium) and the groundwater plume “hot spot”
(groundwater exceeding 5,000 pg/L) a the same time using the same reductant and the same



methodology (augering) with additional congtruction and reductant costs (30% of soil Alternative 6
cogts, or $505,800) beyond soil Alternative 6. These additiona costs account for the additiona depth
of augering and chemical reductant required to treat groundwater benegth the soils source area.
Ingtdlation of an ISRM barrier prior to thein Situ trestment of soils and groundwater specified in
Groundwater Alternative 5 and Soil Alternative 6, provides additional long term protection of
groundwaeter as well as protection of down-gradient groundwater during augering/injection of reductant
into source area soils and the plume “hot spot” area. This dternative provides for effective treatment
of dl soils and groundwater in source areas, and a 30-year treatment barrier for any residua
contaminant leaching, should it occur.  Thetota estimated cost for the Selected Remedy is $3,626,800
($1,686,000 [costs for Sail Alternative 6] + .3 X $1,686,000 [or 30% of Soil Alternative 6 coststo
account for the additiona depth of auger/injection to address groundwater] + $1,435,000 [the cost of
Groundwater Alterndtive 4]) assuming the ISRM barrier isingdled usng injection wels. Additiona
cost savings of gpproximately $500,000 could be redized if the ISRM barrier were ingtaled through
augering/injection on the down-gradient side of the soils source area as part of soil Alternative 6, for a
total Selected Remedy cost of $3,126,800. Detailed evaluation of both methods will be conducted
during Remedid Design.

A by-product of the reactions created by reductant injection is sulfate. The maximum concentration of
sulfate predicted to be generated through this processis 2,000 mg/L, or 8 times the secondary State
Maximum Contaminant Level (MCL) standard of 250 mg/L. Conservative modding indicates that the
maximum sulfate concentrations will dilute and disperse to the secondary standard approximately 1000
feet down-gradient within gpproximately 400 days. In other words, sulfates would create a temporary
impact to groundwater within the already contaminated groundwater plume. Because this dternative
utilizes the injection of reductants into the groundwaeter, it must comply with WAC 173-218 - the
Underground Injection Control Program - which sets forth procedures and practices applicable to the
injection of fluids through wdls.  If sulfate concentrations are higher than expected, EPA will explore
dternative methods such as extracting the sulfates as they are generated. Alternative methods have not
been evauated for cost, and are not reflected in the cost estimates in Section 9.

The Sdected Remedy cals for the reduction of hexavaent chromium in soils and groundwater to
trivalent chromium. Upon completion of the remedy, concentrations of trivaent chromium in subsurface
soilswill remain as high as 31,800 mg/kg. Hexavdent chromium is both extremey soluble under
normal groundwater conditions (pH ~ 7), mobile and a carcinogen. When the vaence dtate of
chromium is changed from +6 to +3 using a reductant, chromium forms the compound chromium
hydroxide which isinsoluble under norma groundwater conditions and in smdl quantitiesis an essentid
nutrient. Through use of reductants, as discussed above, hexavaent chromium would be converted to
the insoluble form of trivalent chromium almogt ingtantaneoudy, immobilizing it in the subsurface and
immediately reducing chromium concentrations in groundwater to non-detectable concentrations. Even
the highest concentrations of trivaent chromium that would remain on Ste after reduction of hexavaent
chromium would not exceed the sate MTCA B unredtricted use level of 80,000 mg/kg. EPA will



demondtrate that this value is o protective of groundwater through historica data evauation,
modeling, and future monitoring.

The following are mgjor components of the Selected Remedly:

. Contain Highly-Contaminated Groundwater: Containment of the most heavily contaminated
groundweter at the Site, or groundwater “hot spot” will involve the ddlivery, through injection
or augering/injection, of reducing compounds on the down-gradient side of the soils source
areg, into the groundwater and soils. The compounds delivered to the areawill reduce the
naturaly occurring iron, thereby creating an in-Situ treatment barrier which reacts directly with
the chromium in groundwater. As chromium-contaminated groundwater moving down-gradient
passes through the permegbl e reactive zone, the hexavaent chromium in the groundweter is
reduced to trivalent chromium, which isinsoluble, and non-mobile. ThisIn-Stu Redox
Manipulation (ISRM) barrier will bein place prior to treatment of the soils source area and the
groundwater plume *hot spot” in order to 1) provide containment of the groundwater “hot spot”
as quickly as possible, 2) provide added protection during the in-situ treatment of the soils
source area and the groundwater “hot spot” to prevent hexavaent chromium from moving
down-gradient; and 3) provide long-term protection againgt future leaching of hexavaent
chromium, should it occur. Reducing compounds will ether be injected through a series of
wells, or augered/injected into the groundwater. Recharge of the ISRM barrier is not
anticipated because the soils source area up-gradient of the ISRM barrier will also be treated
as described below. 1t isunlikely that resdua concentrations of chromium in the soils source
areg, should they exigt after treatment, will pose a problem beyond the predicted life of the
ISRM barrier.

. In-Situ Trestment of Source Area Soils and Groundwater “Hot Spot”: In-gtu trestment of the
s0ils source area and the groundwater “hot spot” will involve the ddliver of reducing
compounds directly to site soils exceeding 19 mg/kg hexavaent chromium (soils source area)
and contaminated groundwater with concentrations of hexavalent chromium exceeding 5,000
Mg/l by augering/injecting or through injection wells. Augering/injection isthe most likely
method of ddivery given the cost savings and the thorough mixing of reductant with soilsthe
augering provides

. After treetment of soils exceeding 19 mg/kg and groundwater exceeding 5,000 pg/L,
compaction of augered soilswill be provided to dlow for future use of the property to the
extent practicable.

“Ddivery of reducing compounds throughout the soils source area and the groundwater “hot spot” will
more than likely require direct access to contaminated soils. Direct access will necessitate the
demoalition of both the Frontier Hard Chrome building and the adjacent Richardson Metal Works
building.



. Once the source area for soils (exceeding 19 mg/kg hexavaent chromium) and groundwater
(exceeding 5,000 pg/L hexavaent chromium) have been treated, remaining groundwater
exceeding the state groundwater cleanup standard of 50 pg/L is expected to disperse and dilute
(MTCA Method A). Regular monitoring of down-gradient groundwater to ensure dilution and
disperson of affected groundwater outside of the source areawill be conducted until all
remaining groundwater meets sate standards for groundwater cleanup.

. Ingtitutional controls and monitoring will be implemented to protect human hedth and the
environment during the time required for disperson and dilution to reduce chromium
concentrations in plume areas outside of the “hot spot”. Monitoring of the hot spot areawill
aso be conducted to ensure that recontamination of treated aress is not taking place. In
addition to the state and locd indtitutiona controls dready in place described in the “ Summary
of Site Risks’ section, other ingtitutiona controls to be considered include placing notices and
restrictions on property deeds. Indtitutiona controls will be evaluated during Remedid Design
and after Remedid Action as dl of the necessary information becomes available. In generd,
ingtitutiona controls will serve to prevent 1) access to contaminated groundwater, 2) access to
s0ils contaminated with resdual concentrations of hexavaent chromium above state MTCA A
gtandards should these concentrations remain after Remedia Action, and 3) future activities that
threaten to remobilize chromium in Ste soils. Concentrations of trivalent chromium remaining in
soils after Remedid Action will dso be evauated to determine if they pose any potentid risksto
human hedlth through direct contact. Property owners would ensure that any future property
transfers would include gppropriate deed restrictions.  Monitoring of existing wellswill dso be
needed to track the concentrations in groundwater over time. Monitoring of existing wells will
aso be needed to track the concentrations in groundwater over time.

The implementation of the remedy will be phased with the ingdlation of the ISRM treatment barrier
being conducted in the first phase to contain the groundwater “hot spot”. Thisdternativeis
recommended because it addresses dl source area soils and groundwater providing: 1) excellent overal
protection of human hedlth and the environment, 2) effectiveness|long term, 3) permanence, 4)
compliance with ARARS, 5) reduction in toxicity, and mobility, and 6) Sate acceptance, a alower cost
than other protective dternatives. The remedy will provide a permanent solution to ongoing threats
posed by the Frontier Hard Chrome site to the groundwater and future threats posed to human hedlth
and the environment.

Based on dl of theinformation currently available, EPA believes the Sdected Remedy providesthe
best balance of tradeoffs among the other dternatives with respect to the evauation criteria

120 STATUTORY DETERMINATIONS



Based on the information currently available, EPA believes the Selected Remedy provides
the best balance of tradeoffs among the other dternatives with respect to the evaluation criteria.

The Sdlected Remedy best satisfies the following statutory requirementsin CERCLA Section 121(b):
(1) be protective of human hedth and the environment; (2) comply with ARARS; (3) be cost-effective;
(4) utilize permanent solutions; and (5) satisfy the preference for treetment as a principa eement.

Under CERCLA Section 121 and the NCP, the lead agency must select remedies that are protective
of human health and the environment, comply with applicable or relevant and gppropriate requirements,
are cost-effective, and utilize permanent solutions and dternative trestment technologies or resource
recovery technologies to the maximum extent practicable. 1n addition, CERCLA includes a preference
for remedies that employ trestment that permanently and significantly reduces the volume, toxicity, or
mobility of hazardous substances as a principa € ement and a bias againg off-ste disposd of untrested
wadtes. The following sections discuss how the Sdlected Remedy meets these statutory requirements.

12.1 Protection of Human Health and the Environment

The Sdlected Remedy will protect human hedth and the environment through the trestment of
contaminated soils and the most heavily contaminated groundweter by the injection or augering/injection
of hexavdent chromium-reducing compounds with contaminated soils and groundwater, in-situ. The
Sdected Remedy actively treets the soils and groundweter by reducing hexavadent chromium, which is
highly mohbile and toxic, to trivaent chromium, which is generdly immobile and non-toxic. This remedy
will reduce the threet of exposure to hexavaent chromium-contaminated soils and groundwater through
direct contact, ingestion, or inhdation.

12.2 Compliance with Applicable or Relevant and Appropriate Requirements (ARARYS)

The Sdected Remedy will be designed and implemented to comply with dl action specific, chemica
gpecific, and location specific ARARs identified in this section. The ARARSs for the Selected Remedy
are ad o presented below:

Model Toxics Control Act, Selection of Cleanup Actions, WAC 173-340-360; Institutional
Controls, WAC 173-340-440; Use of Method B Cleanup Standards, WAC 173-340-705; Ground
Water Cleanup Standards, WAC 173-340-720; Soil Cleanup Sandards, WAC 173-340-740 and
173-340-747



WAC 173-340-360 describes the minimum requirements and procedures for selecting cleanup actions.
Section 360 is applicable to the Selected Remedy and will be demonstrated to be met to Ecology’s
satisfaction by the State of Washington's concurrence on the Amended ROD. WAC 173-340-440
applies where active cleanup measures will not attain MTCA cdeanup leves. In this case, inditutiond
controls, as discussed in Section 10.0, apply to the groundwater until groundwater cleanup standards
are achieved. WAC 173.340, 720, 740, and 747 establish cleanup standards for groundwater and soil
contaminants applicable to thissite. The cleanup standards are gpplicable and are set forth in Section
7.1 of this Amended ROD will meet or exceed these MTCA cleanup standards.

The Safe Drinking Water Act National Primary Drinking Water Regulations, 40 CFR 141; Public
Water Supplies, WAC 246-290

These regulations specify primary standards for drinking water (MCLS). They are gpplicable at the tap
for municipa water supplies and they are relevant and appropriate for groundweter at the Site snce the
Troutdale aquifer is used as a drinking water source. The groundwater cleanup goals for this ste
include restoring the groundwater to MTCA Method A standards for groundwater cleanup, which are
more stringent than the MCL for chromium in groundweter.

Underground Injection Control Program (WAC 173-218)

This regulation sets forth procedures and practices gpplicable to the injection of fluids through wedlls.
Thisregulation is gpplicable to the injection of reducing agentsinto site soils and groundwater according
to the Selected Remedy.

Clean Water Act, 33 U.S.C. Part 1317; 40 CFR 403.5; Water Pollution Control Act, RCW 90.48;
Water Resources Act, RCW 90.54; Grant of Authority Sewerage Systems, WAC 173-208

These regulations pertain to the off-gite digposd of treated groundwater, and while not an ARAR
because it would be an off-dte activity, it is listed here for completeness. Extraction of groundwater
down-gradient of the trestment area may be necessary during the implementation of the Sdlected
Remedy to control the migration of sulfates generated from the treestment process. Extracted
groundwater, if required, would most likely be discharged to the City of Vancouver’s wastewater
treatment system and will meet the requirements set forth in apermit. If discharge to the City of
Vancouver wastewater trestment system is required, EPA will aso meet the requirements of 40 CFR



403.5. Thisregulation prohibits the discharge of pollutants to publicly owned trestment works would
that pass through the facility without trestment or that would interfere with the trestment works.

Water Well Construction Act, RCW 18.104; Minimum Standards for Construction and
maintenance of Wells, WAC 173-160

These regulations specify requirements for well construction and abandonment intended to protect
groundwater from contamination. These regulations are gpplicable to the consgtruction of injection
wells, extraction wells, and additiona monitoring wells (if required); and the abandonment of existing
and future wells, as required at the FHC site by the Selected Remedy.

General Regulations for Air Pollution Sources, WAC 173-400; Ambient Air Quality Sandards
for Particulate Matter (WAC 173-470); Southwest Washington Air Pollution Control Agency
(SWAPCA) Regulations 400 and 490

WAC 173-400 establishes technicaly feasible and reasonably attainable standards that are generdly
gpplicable to the control and/or prevention of the emission of ar contaminants. Additiondly, the
Ambient Air Quality Standards for Particulate Matter identify suspended particulate Sandards
gpplicable to excavation activities associated with building demalition and other remedid activities at the
FHC site.

Resour ce Conservation and Recovery Act, 42 U.S.C. Sections 6921-22; 40 CFR 261; 40 CFR
Part 262 Subparts A, B, C, and D; 40 CFR Parts 264, Subparts | and J; Washington Sate
Dangerous Waste Regulations, WAC 173-303-070, 173-303-170 to 200, 173-303-630

These regul ations establish requirements for the proper designation, storage, treatment and disposal of
hazardous waste. 40 CFR Parts 261 and 262 and WAC 173-303 apply to the proper designation and
characterization of the hazardous waste managed at the Ste. There are severa potential hazardous
waste streams (RCRA characteridtic) that may be managed at the Ste. These waste streamsinclude:

. Demoalished concrete from building foundations contaminated by soils with high
concentrations of hexavaent chromium.
. Excess contaminated surface soil, debris and water from limited removal, as required,

and/or equipment/personnel decontamination.
. Persond Protective Equipment contaminated with hexavaent chromium.



40 CFR Parts 261 and 262 and the corresponding state Dangerous Waste Regulations are applicable
to any hazardous waste generated during the treatment of contaminated groundweter. These
regulations require proper designation and characterization of hazardous waste. The Selected Remedy
will comply with these regulations. In addition, 40 CFR Part 264, Subparts | and J are rlevant and
appropriate for the ground-water trestment portion of the Selected Remedy. These regulations, as well
as the corresponding State Dangerous Waste Regulations, require proper use and management of
containers and require gppropriate controls on tank systems. While contaminated groundwater will be
treated in-situ through injection or augering/injection, according to the Sdlected Remedy, extraction of
groundwater to control sulfate migration down-gradient of the treatment arealis possible. The Sdected
Remedy will comply with the substantive requirements for containers, and proper on-site storage of
hazardous waste prior to off-site disposa, should this be necessary.

40 CFR Part 261 and 262 and WAC 173-303-070 also apply to the limited amount of chromium
contaminated soil that may be disposed of off site, if the soil is classified as dangerous, hazardous, or
extremely hazardous waste. EPA will meet the federd and state regulations requiring identification,
proper handling and disposal of hazardous waste.

Solid Waste Management-Reduction and Recycling Act, RCW 70.95; Minimum Functional
Sandards for Solid Waste Handling, WAC 173-304.

These regulations establish requirements for the disposal of non-hazardous waste. All non-hazardous
wagte generated will be disposed of off-site in accordance with these regulations. Since disposa
occurs off-gte, this law and associated regulations technically are not ARARsS. Non-hazardous waste
generated during the implementation of the Sdlected Remedy will comply with these regulations.

Pollution Disclosure Act of 1971, RCW 90.52.040

This law requires that wastes are to be provided with al known, available, and reasonable methods of
treatment prior to their discharge or entry into waters of the state, and are applicable to the potential
disposd of treated groundwater extracted down-gradient of the treatment area. The extracted water
will have been treated by an in-situ reduction zone (ISRM) prior to extraction, and prior to discharge to
the City of Vancouver sanitary sewer. Thisin-Situ trestment of groundwater prior to discharge will
comply with the requirements of the law.

U.S Department of Transportation 49 CFR Parts 171-180; Transportation of Hazardous
Materials, WAC 446-50



These regulations establish requirements for trangportation of hazardous materids. These regulations
are gpplicable to the trangportation of soil, concrete and other debris (if hazardous) to off-site disposal
facilities and EPA will meet these requirements during FHC cleanup activities.

ToBeConsidered (TBC)

ARARs are promulgated, enforceable requirements that must be at a steif they are gpplicable or
relevant or gppropriate. Other types of information (e.g., advisories, criteria and guidance) that are not
ARARSs, however, may be useful and should be considered, as appropriate, if it helpsto ensure
protectiveness or is otherwise useful in designing a specific deanup remedy. Thisinformetion is
commonly referred to as TBCs. The following documents are TBCs at this Ste:

Ecology Satistical Guidance for Ecology Program Managers, August 1992 (Ecology Publication
92-54) and Supplement 6.

This document provides guidance for statistical evaluation of sampling data when determining whether
MTCA cleanup standards have been achieved. EPA will determine the particular application of this
guidance for use a the FHC site as the sampling and analysis plan for confirmatory sampling is
prepared.

12.3 Cost-Effectiveness

In EPA’ s judgment, the selected remedy is cost-effective and represents a reasonable value for the
money spent. In making this determination, the following definition was used: “A remedy shdl be cost-
effectiveif its cogts are proportiona to its overdl effectiveness’ (NCP Section 300.430(f)(2)(ii)(D)).
Thiswas accomplished by evauating the “overdl effectiveness’ of those dternatives that satisfied the
threshold criteria (i.e. were both protective of human health and the environment and ARAR-
compliant). Overdl effectiveness was evauated by ng three of the five baancing criteriain
combination (long-term effectiveness and permanence; reduction in toxicity, mobility, and volume
through treatment; and short-term effectiveness). Overdl effectiveness of the Seected Remedy was
determined to be proportiona to its costs and hence this dternative represents a reasonable vaue for

the money spent.

The estimated cost of the selected remedy ranges from $3,126,800 to $3,626,800. The lower end of
the range assumes that the ISRM barrier wall isingtdled through augering/injection, while the upper end
assumes that injection wells will be used. Both costs assume augering/injection for the remainder of the
s0ils source areaand plume “hot spot”.  Although the combination of Soil Alternative 6 (In-Situ
Reduction of Chromium) and Groundwater Alternative 5 (In-situ Trestment of Source Ares) isless



expengve by itsdf, it does not provide 1) the containment/trestment of potential contaminant migration
during trestment of groundwater through Groundwater Alternative 5; and 2) long term
containment/treatment of residua hexavaent chromium contamination in soils/groundwater, should it
perss after implementation of the remedy.

12.4 Utilization of Permanent Solutions and Alter native Treatment Technologiesto the
Maximum Extent Practicable

EPA has determined that the selected remedy represents the maximum extent to which permanent
solutions and treatment technologies can be utilized in a practicable manner a the site. Of those
dternatives that are protective to human hedlth and the environment and comply with ARARS, EPA has
determined that the Selected Remedy provides the best balance of trade-offsin terms of the five
baancing criteria, while dso considering the statutory preference for treetment as a principa eement
and a bias againg off-gite treestment and disposal and considering State and community acceptance.
These determinations are described in Section 9, and summarized in Section 10, where EPA’s
Rationaeis provided for the Selected Remedy components. Both soils and groundwater are treated
in-Stu through the injection, or augering/injection of reducing compounds. The Selected Remedy
presents a safe, in-gtu, aternative-treatment-technology solution to ex-situ treatment and off-gte
disposd aternatives.

125 Preferencefor Treatment asa Principal Element

The sdected remedy will treat, in-gtu, hexavadent chromium in both soils and groundwater which
continue to serve as source materia at the FHC site and that condtitutes the remaining principal threet at
thegte. Asaresult, hexavdent chromium in soils exceeding MTCA A standards for unredtricted future
use will be reduced to trivalent chromium, which is essentidly immobile and nontoxic; and groundwater
with concentrations of hexavdent chromium exceeding 5000 pg/L will aso be reduced to trivaent
chromium. Because trestment, in-Situ, isthe basis of the Sdlected Remedy, the CERCLA preference
for treetment as a principd dement is satisfied a thisSte.

12.6 Five-Year Review Requirements

Because this remedy will result in contaminants remaining in groundwater down-gradient of the
groundwater plume “hot spot” above levelsthat dlow for unredtricted future use, areview will be
conducted within five years of the remedia action to ensure that the remedy is, or will be, protective of
humean hedith and the environmen.



12.7 Documentation of Significant Changes from the Preferred Alternative of the Proposed
Plan

The Proposed Plan for this ROD Amendment was released for public comment in June, 2001. The
Proposed Plan identified Alternative 5, In-Situ Trestment of Source Area groundwater, in conjunction
with Alternative 4, ISRM Treatment Barrier, as the Preferred Alternative for groundwater. The
Proposed plan identified Alternative 6, In-Situ Treatment, is the Preferred Alternative for soils. EPA
reviewed dl written comments submitted during the comment period. It was determined that no
ggnificant changes to the remedy, as originaly identified in the Proposed Plan, were necessary or
appropriate.



PART I1l1: RESPONSIVENESS SUMMARY

During the public comment period for the Frontier Hard Chrome Superfund Site Proposed Plan (June,
2001) EPA received one comment letter from the City of Vancouver. This comment |etter is available
in the Adminigtrative Record for the Frontier Hard Chrome Superfund Site.

In the following Responsiveness Summary, EPA provides responses to the issues raised by the City of
Vancouver. Comments are summarized or rephrased by EPA for clarity and brevity.

EPA would like to thank the City of Vancouver for providing comments. These comments have helped
to highlight particular issues, and will assst EPA in the design and implementation phases of the project.

Comment 1. What is not described fully in the fact sheet or the Proposed Cleanup Plan isthe
possible toxicity of the reducing chemicals and all the likely chemical byproducts or intermediate
products. The expected end product, sulfate, is discussed, and projected to be present at up to 8
times the Washington State secondary Maximum Contaminant Level - 2000 mg/l v. 250 mg/l. To
build public confidence in the Plan, EPA should carefully assess and describe both the toxicity
and fate of the injected chemicals and all expected reactants. Possible reactions between the
injected chemical and naturally occurring organic matter in the upper soil zone should also be
assessed.

Response to Comment 1:

As described in the Selected Remedy (Section 10 of the Amended ROD), based upon modeling
results, EPA expects sulfates remaining in groundwater after the dithionite decompostion to disperse
and dilute to the secondary state MCL of 250 mg/L within approximately 400 days. During the period
while disperson/dilution is taking place, concentrations of sulfate exceeding the criteriawill be located
well within the down-gradient FHC plume which is contaminated with concentrations of hexavaent
chromium exceeding state groundwater cleanup standards. Sulfate concentrations will dilute/disperse to
the appropriate concentrations well in advance of groundwater recovery in the same area for hexavaent
chromium. The Sdected Remedy will also monitor concentrations of sulfate in groundwater down-
gradient of the ISRM treatment barrier. 1f concentrations appear higher than expected and previoudy
modeled, EPA will consider the use of extraction wells to remove the sulfates.



As described in Section 6 of the Amended ROD, city, state and locd ingtitutional controls are currently
in place to prevent access to the contaminated aguifer. While it may be possible for anew wedl to be
ingtaled, or an existing well to be reactivated, which accesses the contaminated plume, it isunlikedly. If
the aquifer were to be used by a party unaware of the existing guiddines and regulations, the primary
contaminant of concern would remain hexavaent chromium - not sulfates.

Sodium dithionite (NgS,0,) in its dissolved form in weater is non-toxic, and is shipped in commercein
non-placarded tanker trucks. In its dry powder form, it is alisted dangerous waste, because of the
characterigtic of ignitability. Inwater solution, thisis not a problem. Expected decomposition products
in the subsurface environment under the pH and concentration condition employed by the In Situ Redox
Manipulation process are aulfite, thiosulfite and sulfate. The dithioniteisinjected & fairly high
concentration (~0.01 M or ~ 1,700 ppm) and alowed to react for approximately 2 days, until dithionite
can no longer be detected. Typicaly at thistime, the spent reagent is about half sulfate, and haf sulfite,
with about 1% -2% thiosulfate. Sulfite and thiosulfite are typicaly oxidized by dissolved oxygen in the
aquifer.

Comment 2: An aspect of the Proposed Plan that should be described more fully isthe in-situ
treatment of soils above groundwater. If the augering method of mixing is used, will the vadose
zone soils remain unsaturated, or will a significant amount of water be added to facilitate the
reaction between the chemical and the existing hexavalent chrome? Currently, not enough
detail regarding the mixing step is provided to allow interested parties to assess that portion of
the cleanup.

Response to Comment 2: Treatment of soilsin the unsaturated zone is akey design issue. Of
primary concern isthe potentid flushing of contaminants from the source soils into the aguifer during
implementation of the remedy; and ensuring adequate exposure of dl contaminated soilsin the
unsaturated zone to the reducing agents. While these issues will be addressed in greater detail during
design, it isimportant to note:

. The Remedia Action will occur in phases. The firgt phase will be the ingdlation of the ISRM
treatment barrier on the down-gradient edge of the soils source area and the groundwater “hot
gpot”. The ISRM treatment barrier isingdled in the saturated zone only, and will be effective
prior to treatment of source area soils and groundwater. Once the trestment phase for source
area S0ils and groundwater begins, any contaminants that may be flushed into groundwater as a
result of the process will encounter the ISRM treatment barrier, and reduce prior to moving
further down-gradient.



Reductants augered into the unsaturated zone will be in liquid form. The amount of liquid used
will depend upon anumber of factorsinduding the time of year (which affects the amount of
moisture present in the unsaturated zone) and the results of Remedia Design.

The Remedid Design will evauate the potentid for injecting/augering from the saturated zone
up through the unsaturated zone. If this method gppears feasible and effective for trestment, it
would provide an additional measure of safety in controlling the movement of contaminants.
Through this method, contaminants potentialy mohilized during injection in the unsaturated
zoned would encounter a column of trested sediment/groundwater in advance of the ISRM
barrier.
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